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1	Introduction
For AI 7.2.5.3 (PUSCH enhancements for NR Rel-16 URLLC), during RAN1#100-e preparation email discussion [100e-Prep-NR_L1enh_URLLC-PUSCH_enh], it has been agreed that the email discussion #2 will focus on the following [21]:
	
	Scope
	Reason

	Email #2
	Frequency hopping for PUSCH repetition Type B (Section 3 in [21])
	There are some open issues on the details that are essential, and some may have RRC impact.


[bookmark: _Hlk33388664]RAN1 chairman provides the guideline on the email discussion as follows:
[100e-NR-L1enh_URLLC-PUSCH_Enh-02] Email discussion/approval on frequency hopping for PUSCH repetition Type B by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Sigen (Nokia)
In this contribution, we provide a detailed summary of the issues and collect views from companies, based on which proposals are provided for email discussion. (Note that the order of issues in this contribution is not exactly the same as in Section 3 in [21], but the list of issues stays the same.) The comments provided by companies during the email discussion are also documented.
Agreements reached after the first phase of email discussion are listed in Section 3. The TP discussion for the agreements is documented in Section 4, and the agreed TPs are provided in Section 4.3.
2	Frequency hopping for PUSCH repetition Type B (Potential RRC impact)
[bookmark: _Hlk33390468]Issue 2.1	How to determine FH scheme and offset for Type 2 CG? (Potential RRC impact)
For Type 1 CG with repetition Type B, there is a new RRC parameter frequencyHopping-PUSCHRepTypeB introduced for the FH scheme, while FH offset reuses Rel-15 RRC parameter. (Note that there is no change for Type 1 CG with repetition Type A compared to Rel-15.)
For Type 2 CG with repetition Type A, there is no explicit agreement, but the current spec TS 38.214 is written in the way that it follows Rel-15 behavior. That is, the FH scheme is determined by frequencyHopping in CG configuration, while the FH offset follows the activation DCI. This is reasonable, especially from backward compatibility perspective.
Therefore, the focus here is how to determine the FH scheme and offset for Type 2 CG with repetition Type B.
For Type 2 CG with repetition Type B, we can also follow Rel-15 behavior for repetition Type A for consistency. In this case, the FH scheme can use the same RRC parameter frequencyHopping-PUSCHRepTypeB that was already agreed for Type 1 CG, and the FH offset follows the activation DCI.
Here is the summary of companies’ views from contributions:
· FH scheme
· Use frequencyHopping-PUSCHRepTypeB in configuredGrantConfig: ZTE[3], Nokia/NSB[4], LGE[10], Huawei/HiSi[20]
· Follow activation DCI: CATT[6]
· Frequency hopping enabling 
· Follow activation DCI: ZTE[3]
· FH offset
· Follow activation DCI: ZTE[3], Nokia/NSB[4], CATT[6]
There are mainly two options here:
· Option 1: FH scheme is determined by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig, and FH offset follows the activation DCI.
· If a UE is activated with a DCI format that is associated with PUSCH repetition Type B, and frequencyHopping-PUSCHRepTypeB in configuredGrantConfig is not configured, frequency hopping is not enabled.
· Option 2: Both FH scheme and FH offset follows the activation DCI.
Both options work well. Option 1 additionally allows DG and CG to be configured with different frequency hopping scheme. Note that Option 1 also follows Rel-15 principle for Type 2 CG.
[bookmark: _Hlk33390442]Proposal 2.1-1: 
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping scheme is configured by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig if present, otherwise frequency hopping is not enabled.  The frequency offset follows the activation DCI. (RRC impact)
Companies please indicate whether you support the proposal or not.
	Support
	Nokia, NSB, ZTE, Apple(we also support ZTE’s clarification), Panasonic, LGE, QC, Huawei, HiSilicon, Intel, Ericsson

	Not support
	CATT, DOCOMO, Samsung, vivo



Companies please provide additional comments, if any. For those who do not support the proposal, please provide the reason and the alternative proposal.
	Company
	Comments

	CATT
	Proposal 2.1-1 needs to introduce an additional RRC parameter for Type 2 CG configuration which is not necessary from our perspective. In Rel-15, the FH scheme is largely dependent on the number of repetitions which is configured by repK for CG PUSCH so that it is reasonable to configure the FH scheme by RRC as in Rel-15. However, for type 2 CG activated by a DCI format configured with repetition type B, all the influence factors to determine the FH scheme including the repetition type, the TDRA table including the number of repetitions, FH slot configurations, the number of repetition, TDRA etc. are configured for the associated DCI or indicated in the activation DCI. In this case, it is not clear to us why the FH scheme needs to be configured by RRC. In other words, it is not clear why gNB would configure a different FH scheme from the one configured for the activation DCI. That is why we think it is sufficient to follow the FH scheme configured for the activation DCI as proposed below.
CATT’s proposal:  For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping scheme follows the frequency hopping scheme configured for the activation DCI.
[Additional comments] we understand that we have agreed to introduce the same RRC parameter for Type1 CG. However, if it applies to Type1 CG only, it is included in rrc-ConfiguredUplinkGrant as in the current running CR. However, if we want to apply the same RRC parameter to Type 2 CG, it should be included in ConfiguredGrantConfig which is additional RRC overhead for Type 2 CG as we commented. In addition, we do not see any technical benefit of configuring the FH scheme for Type 2 CG. Correct me if I miss anything. As you said, both options work. Then it seems more reasonable to us to choose the one without RRC impact and less RRC overhead. Therefore, we still prefer to determine the FH scheme for Type 2 CG PUSCH based on activation DCI.

	ZTE
	We support the proposal. But it’s better to also clarify the case that if frequencyHopping-PUSCHRepTypeB is provided in configuredGrantConfig, whether a UE performs frequency hopping or not follows the activation DCI according to the Rel-15 behavior copied below.
//
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in subclause 6.3.1.6 of [4, TS 38.211].

	LGE
	From our understanding, the intention of proposal 2.1-1 is to place “frequencyHoppingPUSCH-RepTypeB” under “configuredGrantConfig”, which means this parameter is applied both type-1 and type-2 CG. In other words, for type-2 CG has own RRC parameter for determining FH scheme. This in fact is already defined for type 1 currently so it seems not to have that significant RRC impact.
If FH scheme of a CG follows the DCI activating the CG, in order to support different FH schemes for two different type-2 CG using repetition type B, gNB should configure/use two different DCI formats each of which is associated with different FH schemes. This can have unnecessary side effect to DG PUSCH scheduling.
On the other hand, with proposal 2.1-1, gNB can operate different FH schemes for different type-2 CG configurations by using only one DCI format. Thus in our view, FH scheme indicated by activation DCI for type-2 CG is unnecessary restriction, and we support proposal 2.1-2.
 

	DOCOMO
	We share the CATT’s views. Besides, we understand that in Rel.15, the FH is determined by the RRC parameters defined in ConfiguredGrantConfig, but for Rel.16, there are already many parameters impacting the frequency hopping schemes now follow the PUSCHConfig associated with DCI formats. For Type 2 CG, it is easier for this parameter to follow the parameter associated with the activation DCI. Otherwise, further discussion may be needed on how to handle the mis-match b/w the repetition type associated with the activation DCI and the frequency hopping mode for Type 2 CG, as error case or other ways. E.g. for DG, both DCI format 0_1 and 0_2 are configured with PUSCH repetition type B, while for CG type 2, the frequency hopping parameter may be configured with frequencyHopping (intra-slot or inter-slot); or for DG, both DCI format 0_1 and 0_2 are configured with PUSCH repetition type A, while for CG type 2, the frequency hopping parameter may be configured with frequencyHopping-PUSCHRepTypeB.
[Additional comments] Regarding your proposal 2.1-1, is it correct understanding that we will move the frequencyHopping-PUSCHRepTypeB from rrc-ConfiguredUplinkGrant IE to ConfiguredUplinkGrant IE? [FL: yes] We understand that in Rel.15, the FH is determined by the RRC parameters defined in ConfiguredGrantConfig, but for Rel.16, there are already many parameters impacting the frequency hopping schemes now follow the PUSCHConfig associated with DCI formats. For Type 2 CG, it is easier for this parameter to follow the parameter associated with the activation DCI. Otherwise, further discussion may be needed on how to handle the mis-match b/w the repetition type associated with the activation DCI and the frequency hopping mode for Type 2 CG, as error case or other ways. We did not see clear benefits for the same serving cell, different CG configurations using PUSCH Repetition Type B apply different hopping schemes, it complexes the resource management, causes the frequency resource fragmentation.

	Samsung
	OK. With CATT’s proposal. No need to introduce an additional RRC parameter in this stage. 

	QC
	To CATT: in Rel-15, for Type 2 CG with frequency hopping, frequency offsets are obtained from activation DCI and based on higher layer parameter frequencyHoppingOffsetLists configured in pusch-Config. While frequency hopping scheme is determined by frequencyHopping provided in configuredGrantConfig, thus FH scheme can be independent of FH scheme configured in pusch-Config

	vivo
	We prefer not to have frequency hopping scheme for PUSCH repetition type B configured in configuredGrantConfig. Note that the repetition type for a Type 2 CG is determined by the activation DCI. The frequency hopping for PUSCH repetition type B can be enabled only when PUSCH repetition type B is used for Type 2 CG. Hence, it is straightforward that the frequency hopping scheme for PUSCH repetition type B for Type 2 CG is determined by the activation DCI.

	Huawei
	The higher layer parameter frequencyHoppingPUSCH-RepTypeB-r16 provided in rrc-ConfiguredUplinkGrant is also used to determine the frequency hopping mode for Type 2 configured grant with PUSCH repetition Type B, irrespective of the DCI format used for activation of the Type 2 configured grant.



Clarification question: what is your understanding of how FH is enabled for Type 2 CG in Rel-15?
In 38.214, it says: “In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in subclause 6.3.1.6 of [4, TS 38.211].”
In 38.331, the field description of frequencyHopping in configuredGrantConfig says: ”The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured.”
· Interpretation 1: FH for Type 2 CG is enabled if the frequency hopping field in the activation DCI is set to 1. Otherwise FH is not enabled for Type 2 CG.
· If the frequency hopping field is not present in the activation DCI, FH is not enabled.
· It is expected that frequencyHopping in configuredGrantConfig is configured if a Type 2 CG is activated via a DCI with FH field set to 1.
· Interpretation 2: FH for Type 2 CG is enabled if frequencyHopping in configuredGrantConfig is configured and the frequency hopping field in the activation DCI is set to 1. Otherwise FH is not enabled for Type 2 CG.
 Companies please indicate which one is your interpretation.
	Interpretation 1
	CATT, ZTE

	Interpretation 2
	LG


 Companies please indicate whether you think clarification is needed for Rel-15 specs.
	Yes
	

	No
	CATT


Comments from companies
	Company
	Comments

	LGE
	214 6.1 says:
For the PUSCH transmission corresponding to a configured grant, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided by pusch-Config. If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in Subclause 6.1.4 for the PUSCH transmission corresponding to a configured grant.
212 says:
For DCI format 0_1
Frequency hopping flag – 0 or 1 bit:
- 0 bit if only resource allocation type 0 is configured or if the higher layer parameter frequencyHopping is not configured;
Please note that we have duplicate parameters, frequencyHopping, resourceAllocation in pusch-Config and ConfiguredGrantConfig.
As everyone knows, Fields in DCI with CS-RNTI is determined by parameters in configuredGrantConfig and by exceptional parameters in pusch-Config (this is what 38.214 says.)
By specifications, number of bits for frequency hopping flag in activation DCI is clearly given by configuredGrantConfig. (since frequencyHopping, resourceAllocation is not exceptional parameter.)
Of course, if DCI 0_1 with C-RNTI has no frequency hopping flag bit, UE doesn’t expect to be configured with frequency hopping flag bit for CS-RNTI.
In our perspective, we couldn’t have different understanding.
[Response to DOCOMO’s comments] I think we have different understanding on following text: 
“A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell”
I copied your comment for our convenience. 
	It means even if frequencyHopping is configured for configuredGrantConfig, not configured for PUSCH-config, the FH flag is not in the activation DCI format 0_1, the FH will not be enabled for CG Type 2. Only when both frequencyHopping is configured for configuredGrantConfig and PUSCH-config, then depending on the FH lag is set to be ‘1’ or ‘0’ in activation DCI, the FH will be enabled or disabled.  


For my understanding, given spec text means, if frequencyHopping is not configured for pusch-config, frequencyHopping shouldn’t be configured for configuredGrantConfig. Otherwise, UE consider CG configuration as error case and no UE behavior defined for this case. Also, if frequencyHopping is configured for pusch-config, configuredGrantConfig may or may not be configured. 
Moreover, regardless of the interpretation, bit width of FH flag field in DCI format 0_1 with CRC scrambled by CS-RNTI can be smaller than corresponding bit width of FH flag field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. Therefore, even if UL grant for DG has 1 bit FH flag, activation DCI can have 0 bit FH flag.  

	DOCOMO
	About the Rel.15 FH for CG Type 2 activated by DCI format 0_1, the existence of FH flag field is determined frequencyHopping in PUSCH-config since “A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell”. It means even if frequencyHopping is configured for configuredGrantConfig, not configured for PUSCH-config, the FH flag is not in the activation DCI format 0_1, the FH will not be enabled for CG Type 2. Only when both frequencyHopping is configured for configuredGrantConfig and PUSCH-config, then depending on the FH lag is set to be ‘1’ or ‘0’ in activation DCI, the FH will be enabled or disabled.  
[Response to LGE’s comments] Yes, I agree with your above views. Only when both frequencyHopping is configured for configuredGrantConfig and for PUSCH-config, then depending on the FH lag is set to be ‘1’ or ‘0’ in activation DCI, the FH will be enabled or disabled for CG Type 2 PUSCH.


Regarding how FH is enabled for Type 2 CG in Rel-15, there seems still to be different understanding. The controversial part seems to be how to understand the field size associated with FH flag.
In TS 38.212, “A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell.”
Consider the following example: frequencyHopping in pusch-Config is configured, but frequencyHopping in configuredGrantConfig is not configured. For DCI format 0_1,
· Interpretation 1: the FH flag field size for both dynamic UL grant and activation DCI is 1 bit (because frequencyHopping in pusch-Config is configured). This 1 bit is used to enable/disable FH for Type 2 CG. 
· Interpretation 2: the FH flag field size for dynamic PUSCH is 1 bit for dynamic PUSCH (because frequencyHopping in pusch-Config is configured), but it is 0 bit for activation DCI (because frequencyHopping in configuredGrantConfig is not configured). Here the bitwidth refers to the number of bits that is actually used to carry useful information). Of course with the paragraph from 212 above, the FH flag field size will be padded with 0 in the activation DCI to align with the field size in dynamic UL grant. So it will still have 1 bit, but it is always the padded bit (‘0’).
It seems that interpretation 2 is the right understanding, which aligns with the paragraph in 212 and also how other fields are handled.
Conclusion on how FH is enabled/disabled for Type 2 CG with DCI format 0_1 in Rel-15: 
For Type 2 CG in Rel-15 activated by DCI format 0_1, if frequencyHopping in configuredGrantConfig is not configured, FH is disabled. if frequencyHopping in configuredGrantConfig is configured, FH for Type 2 CG is enabled if the frequency hopping flag field in the activation DCI is set to 1, and FH is disabled if the frequency hopping flag field in the activation DCI is set to 0.
Companies please indicate whether you agree with the tentative conclusion or not.
	Agree
	ZTE (Agree in principle), LG, vivo, DCM, Huawei, Ericsson

	Not agree
	



	Company
	Comments

	
	



	Company
	Comments

	ZTE
	Agree in principle.
If we are talking Type 2 CG activated by DCI 0_1, agree above understanding. While, if it is activated by DCI 0_0, whether the first part 'if frequencyHopping in configuredGrantConfig is not configured, FH is disabled.' is applicable or not may be still arguable based on different understandings as discussed in section 2.4.
But anyway it will not affect the proposal 2.1-1a below, given PUSCH repetition Type B is only supported for DCI format 0_1 and 0_2.

	LG
	Agree with the proposal. Though there can be different understanding on DCI format 0_0 as ZTE mentioned, it would be editorial issue. 

	CATT
	Agree with the proposal and further discuss for DCI format 0_0.



Back to our original proposal on the handling of Type 2 CG PUSCH with repetition Type B, based on the comments provided by the companies, we can update Option 1 as follows:
· Option 1a: FH scheme is determined by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig. Whether frequency hopping is enabled or not follows Rel-15 mechanism. FH offset follows the activation DCI.
· Note 1: Option 1a is formulated such that it is decouple from the issue of how frequency hopping is enabled in Rel-15. That can be clarified separately, without preventing us from making progress here.
· Note 2: RAN2 has a running CR on TS 38.331 that includes frequencyHopping-PUSCHRepTypeB as part of rrc-ConfiguredUplinkGrant. It also has an editor’s note saying that “Editor’s note: FFS on CG Type 2 for frequency hopping indication.” The intention is that RAN1’s decision will be reflected in 331 properly once the decision is made in RAN1. Option 1 would require that frequencyHopping-PUSCHRepTypeB is moved one level up to be part of configuredGrantConfig instead of rrc-ConfiguredUplinkGrant. This should not be an issue based on the editor’s note.
· Option 2: Both FH scheme and FH offset follows the activation DCI.
DOCOMO mentioned the possible error cases that may need to be handled for Option 1/1a, such as mismatch between the repetition type of the activation DCI and the parameter configured in configuredGrantConfig. If the activation DCI is configured with repetition Type A and frequencyHopping in configuredGrantConfig is not configured, this is a case that already exists in Rel-15, and according to the conclusion above, FH is disabled in this case. Similarly, if the activation DCI is configured with repetition Type B and frequencyHopping-PUSCHRepTypeB in configuredGrantConfig is not configured, FH can also be disabled. So this does not seem to be a problem.
Given the number of supporting companies for the two options, and considering that both options would work well, the following (based on majority) is proposed for further discussion:
Proposal 2.1-1a: 
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, 
· The frequency hopping scheme is determined by frequencyHopping-PUSCHRepTypeB in configuredGrantConfig. (RRC impact)
· Whether frequency hopping is enabled or not follows Rel-15 mechanism.
· The frequency offset follows the activation DCI.
Note: How frequency hopping is enabled in Rel-15 can be clarified separately.
Companies please provide comments, if any. For those whose preference is not to support the proposal, please also indicate whether the proposal would be acceptable (as we need to try to find a way forward somehow), and if no, what are the most critical reasons.
	Company
	Comments

	 DCM
	According to Chairman’s guidance, the bar to introduce new RRC parameter should be very high at this stage. To us, move the FH from Type 1 rrc-ConfiguredGrantConfig IE under the ConfiguredGrantConfig IE is the case that adding new RRC parameter for Type 2 CG, since Type 2 CG does not need this parameter, it can follow the activation DCI. As FL said, both options can work, but we did not compare which one is better from technical perspective yet. Many parameters having impacts on FH scheme for CG now follow the activation DCI, e.g. repetition type, time-domain resource allocation table/repetition factor in case of repetition type B is configured for a certain DCI format, it is quite reasonable that the FH scheme follows the activation DCI. In addition, it can avoid UE additional checking and associating its configured FH mode provided by ConfiguredGrantConfig to the activation DCI configured with certain repetition type provided by pusch-Config. I am not sure whether additional issue will happen if there exist mis-match. 

	CATT
	We do not agree with the proposal.
First of all, we have clear guidance that introduction of new RRC parameter should be avoided unless essential. For this case, it is obvious that it is not essential as there is alternative approach without introducing new RRC parameter. In addition, we would like to clarify that this is a new RRC parameter for Type 2 CG and needs ASN.1 structure change if agreed.
Secondly, as Lihui also mentioned, we have not compared the two candidate solutions from technical point of view. The argument to follow Rel-15 rule does not make sense to me. As we commented before, it is totally different from Rel-15 since all the influence factors to determine the FH scheme is associated with activation DCI rather than configured by RRC.
Thirdly, the argument of flexibility of enabling a different FH scheme from the one configured for the activation DCI does not make sense to me either. In contrast, we see this as a disadvantage of introducing RRC parameter as there may be mis-match as mentioned by Lihui as well.
With all that said, unless it is shown that the new RRC parameter is essential, we would like to go with the option without RRC impact.

	Samsung
	We share similar view as DCM. 
With the new RRC parameter, we might need more clarification as the one for Rel-15 to consider all the potential combinations of repetition type A/B and FH pattern for repetition type A/B. We don’t see any problem to follow activation DCI. 

	Ericsson
	We do not support Proposal 2.1-1a. Activation DCI is sufficient without introducing RRC parameters.
We share similar concerns as DCM, CATT, Samsung that following activation DCI is simpler. As DCM said, not only frequencyHopping-PUSCHRepTypeB  need to be introduced, several other related RRC parameters are to be added also. The complexity is not justified.



An alternative proposal, Proposal 2.1-1b was added to collect companies’ views because strong resistance was observed from some companies on Proposal 2.1-1a.
Proposal 2.1-1b:
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping enabling/disabling and the frequency offset follows the indication in the activation DCI, and the frequency hopping scheme follows the corresponding RRC parameter for the activation DCI format. the frequency hopping scheme, how frequency hopping is enabled, and the frequency offset follows the activation DCI.
Companies please provide comments, if any. For those whose preference is not to support the proposal, please also indicate whether the proposal would be acceptable (as we need to try to find a way forward somehow), and if no, what are the most critical reasons.
	Company
	Comments

	Nokia, NSB
	We would be fine with the proposal. 

	LGE
	We would like to keep proposal 2.1-1a. 
Based on the status of RRC running CR for URLLC in RAN2, it is already considered that frequencyHopping-PUSCHRepTypeB parameter can be changed and applied to type 2 CG. Therefore, the changing on frequencyHopping is fully anticipated and in our hands. In current situation, we don’t see the problem on RRC impact. (Please tell me how we can remove intra-PUSCH-repetition in proposal 2.3-1)
Some companies raises concern that repetition type, time-domain resource allocation table/repetition factor in case of repetition type B is configured for a certain DCI format, however, except for repetition type, no parameter is related to frequency hopping. For repetition type, please note that we already have the parameter frequencyhopping for repetition type A. Therefore, it is unclear why we should have different UE behavior to determine FH scheme. 
 
Meanwhile, if we tied FH scheme with DCI format, for multiple service using CG type 2, gNB should configure multiple DCI format for each type 2 CG. Since we only have two DCI format supporting repetition, only two cases can be configured at same time from all four possible case, i.e., Reptype A with intra-slot, Reptype A with intra-slot, Reptype B with inter-slot, Reptype B with inter-repetition. it is definitely restriction in our perspective.
[Update] In addition, we are ready to follow majority view for the sake of the progress.

	Huawei
	Regarding proposal 2.1-1a or 2.1-1b, probably I would not say I will object proposal 2.1-1b since objection should be used unless there is real problem. From my perspective, I don’t see any real problem for both proposal 2.1-1a and 2.1-1b, thus seems not appropriate to object any of them. But I will say the points given by LG looks reasonable and valid to me, if have to choose one I will prefer proposal 2.1-1a.



Companies please indicate if you want to object to any of the two proposals:
	Object 2.1-1a
	DOCOMO, CATT, Ericsson

	Object 2.1-1b
	LGE



The feature lead provided an updated summary on the two options:
	2.1-1a
· Pros
· It follows Rel-15 behavior for repetition Type A.
· It allows freq hopping scheme for CG to be configured separately from the activating DCI format.
· LG mentioned that two configurations for DCI formats (0_1 and 0_2) cannot support all possible combinations (Reptype A with intra-slot, Reptype A with intra-slot, Reptype B with inter-slot, Reptype B with inter-repetition) that may be needed when we support up to 12 CGs per cell.
· Cons
· One of the main reasons that some companies are against 2.1-1a is that it has some RRC impact, which is true. The intention of the proposal is to reuse the same parameter frequencyHopping-PUSCHRepTypeB that we introduced for Type 1 CG. RAN2 has a running CR on TS 38.331 that includes frequencyHopping-PUSCHRepTypeB as part of rrc-ConfiguredUplinkGrant (because we only had the agreement for Type 1 CG, FFS on Type 2 CG). This proposal would require that frequencyHopping-PUSCHRepTypeB is moved one level up to be part of configuredGrantConfig instead of rrc-ConfiguredUplinkGrant. (FL’s comment: The running CR also has an editor’s note saying that “Editor’s note: FFS on CG Type 2 for frequency hopping indication.” The intention is that RAN1’s decision will be reflected in 331 properly once the decision is made in RAN1. So me this is something that RAN2 is well aware of, and should not be an issue based on the editor’s note.)
· Some companies think the introduction of “new RRC parameter” should be avoided if not essential. (FL comment: this could be a bit of mis-handling from my side. In RAN1#99, I de-prioritized the issue because I thought we agreed to introduce the parameter for Type 1 CG already, and we could just reuse it for Type 2 CG without any RRC impact if we decide to. If I knew this kind of debate would come up now, I would have treated this issue in RAN1#99 with high priority.)
· Companies against 2.1-1a thinks this is an unnecessary RRC parameter that creates unnecessary RRC overhead.
· Companies against 2.1-1a also think that there may be mis-match problem that need to be handled between activation DCI format and CG configuration.
· FL comment: I personally still don’t see any problem. As we spent a long time to clarify:
· If it is activated by a DCI format associated with repetition Type A, it follows Rel-15 behavior.
· if frequencyHopping in configuredGrantConfig is not configured, the frequency hopping is disabled altogether;
· if frequencyHopping in configuredGrantConfig is configured, the configured FH scheme can be enabled/disabled via the FH flag field in DCI.
· If it is activated by a DCI format associated with repetition Type B, this follows a similar approach as repetition Type A.
· if frequencyHopping-PUSCHRepTypeB in configuredGrantConfig is not configured, the frequency hopping is disabled altogether;
· if frequencyHopping-PUSCHRepTypeB in configuredGrantConfig is configured, the configured FH scheme can be enabled/disabled via the FH flag field in DCI.
· So it would be good for companies to clarify exactly what kind of mis-match problem is.
2.2-1b
· PUSCH repetition Type B has more parameters following the activation DCI now, and some of the them may have impact on the determination of FH scheme. So it makes more sense for FH hopping to also follow activation DCI. 
· What is new for repetition Type B is that now the number of repetitions is also provided by DCI as part of TDRA field, while the aggregation factor was configured as part of configuredGrantConfig for Type 2 CG in Rel-15.
· The TDRA is indicated by DCI, which is the same as in Rel-15. But companies may argue that the impact on the determination of FH hopping scheme is not the same as in Rel-15.
· Note that I didn’t mention repetition type also following activation DCI, because with proposal 2.2-1a we have separate RRC parameters for FH scheme in configuredGrantConfig anyway. Whatever repetition type is indicated in the DCI, we can check the corresponding FH scheme parameter.

If we focus on technical aspects, I think the main debate is whether it is better or sufficient to have FH scheme always follow activation DCI, or it is still beneficial to allow separate configurations for DG and CG.



After further debate, no company further objected to Proposal 2.1-1b, so it was agreed.
2.2	Details of inter-repetition FH
[bookmark: _Hlk33390454]Issue 2.2.1		Time domain hopping pattern
Here is the summary of companies’ views from contributions regarding the time domain hopping patter for inter-repetition FH:
· Repetitions are divided into two equal-sized groups (as much as possible), and FH occurs between the two groups: Ericsson[1] (TP provided), vivo[2], Samsung[9] (the first ⌊K ⁄2⌋ nominal repetition(s))
· FH across nominal repetitions: Nokia/NSB[4], CMCC[11], Apple[12], QC[16], Huawei/HiSi[17] 
· FH across actual repetitions: ZTE[3], CATT[6] (with sim results), MotM/Lenovo[13], DOCOMO[14]
From the discussion, we can see that there are 3 options being proposed:
· [bookmark: _Hlk33390520][bookmark: _Hlk33651012]Option 1: FH occurs after K/2 nominal repetitions
· The reason for suggesting K/2 instead of ⌊K ⁄2⌋ is to handle the special case of K=1 so that the allocated frequency resource is used in this case.
· Companies supporting FH across nominal repetitions seem to think this results in less resource fragmentation for gNB scheduling.
· Option 2: FH occurs for each nominal repetition
· Companies supporting FH across nominal repetitions seem to think this results in less resource fragmentation for gNB scheduling.
· Option 3: FH occurs for each actual repetition (including the ones that are not transmitted)
· Note that RV cycling is also done across actual repetitions.
· This can achieve frequency diversity for K=1 if the nominal repetition is segmented into multiple actual repetitions.
Some companies have provided cases where Option 1/2 provides more balanced frequency diversity than Option 3, while some other companies have provided cases where Option 3 is better than Option 1/2. So it seems to be very case dependent, and none of the options is always better than the other options in all cases.
[bookmark: _Hlk33390565]Companies please indicate which option you support.
	Option 1
	Samsung, vivo, Ericsson

	Option 2
	Nokia, NSB, Sony, Apple, Panasonic, LGE, QC,OPPO, Huawei, HiSilicon, Spreadtrum

	Option 3
	CATT, ZTE, DOCOMO

	Other
	Intel: Option 4: FH occurs after K/2 or ⌊K ⁄2⌋ actual repetitions



Companies please provide additional comments and/or critical decision factors. If you have strong concern(s) on a particular option, please express it as well.
	Company
	Comments

	CATT
	The reason why we prefer option 3 is that for the case when K=1, both option 1 and 2 lead to no frequency hopping assuming intra-repetition frequency hopping is NOT supported as proposed below.

	ZTE
	Agree with CATT, Option 3 can enable FH in case of K=1. Moreover, both RV and DMRS positions have been agreed to be determined by actual repetition, it would be easier for implementation by all using acutal repetition.

	Apple
	With Option 2, system resources are not fragmented, e.g. it may make easier to schedule eMBB and URLLC traffic in the same carrier, with Option 3 we have concerns system resource fragmentation may happen. Also in Rel-15, inter-slot frequency won’t provide any additional frequency diversity if the transmission is within one slot, we don’t see the need to hop over actual repetitions for inter-repetition hopping.

	LGE
	In order to get frequency diversity gain, it would be beneficial to have equivalent number of symbol per hops. Option 1 and 2 can bring most equivalent symbols for each hop in practical case. However, it is hard to multiplex more than one PUSCH with option 1

	DOCOMO
	Agree with CATT and ZTE. Option 3 can always have FH diversity gain even in case of K=1. Also, it would be simpler for implementation to support consolidated interpretation that FH/RV/DMRS are operated by actual repetition, since we already have agreement that RV sequence is applied for actual repetition.

	Samsung
	1.  No extra gain with more hops with option 2/3 compared with option 1 since the whole transmission of PUSCH is not expected to be too long. 
2.  May result in imbalance FH which cause worse performance in some case for option3. E.g. when a nominal always segment by one short actual + one long actual repetition.
3.  Unnecessary resource segmentation for gNB for option 3 and 2 (gNB may allocated a shorter L to avoid unnecessary dropping). Hard for scheduler when multiplexing with Rel-15 UEs.   
4.  In coverage enhancement SI, cross repetition/slot channel estimation is proposed to improve the performance. Option 1 can make an easy extension for future, which can avoid to introduce too many FH methods.
5.  For option 1, if gNB want to have diversity gain, it can configured k =2 and smaller L. Note, this could dynamically configured via DCI.  

	vivo
	Option 1 is in principle following the Rel.15 behavior, which is simple and can achieve frequency diversity.
There is no clear benefit for option 2 in terms of frequency diversity but there may be more spec impacts.
Option 3 may result in resource fragmentation.

	Huawei
	The frequency diversity of FH for each nominal an actual repetition are nearly the same when K>1. We also agree that inter-actual-PUSCH hopping can be supported only when K=1

	Intel
	We added option 4, which naturally completes the set of options in our understanding, i.e. now we have 2 options for actual reps and 2 options for nominal reps.
More than one frequency position change under a constraint of two different frequency positions is highly unjustified due to no gain in diversity, more retuning overhead, and more spectrum fragmentation.
Furthermore, single FH boundary in a slot can be more aligned with intra-slot FH of Rel.15, thus allowing better chances for multiplexing of different UEs in a slot.
Finally, option 4 results in more frequency hopping than option 1, I.e. when one nominal repetition is scheduled within a slot, but segmented, option 1 results in no hopping and option 4 results in hopping.

	Nokia, NSB
	Option 1 and 2 may not have much different in frequency diversity gain after all the repetitions are received. But Option 2 provides the potential benefit of early decoding because the frequency diversity can kick in much earlier compared to Option 1.
Companies argue that option 3 can provide frequency diversity for K=1, but note that this is true (or the advantage is there) only if the nominal repetition is split into >=2 actual repetitions within a slot (the frequency diversity can be achieved using inter-slot FH if the >=2 actual repetitions go across slot). Moreover, the gNB can always indicate K=2 with smaller L to achieve frequency diversity.



[bookmark: _Hlk33650890]Based on the comments from companies, there does not seem to be one option that has very clear or winning advantage over the others. Given that all of them can work well, the following proposal (based on majority) is provided for further discussion.
[bookmark: _Hlk33390589]Proposal 2.2-1: 
For PUSCH with repetition Type B, with inter-repetition FH, frequency hopping occurs for each nominal repetition.
Companies please indicate whether you support the proposal or not.
	Support
	Nokia, NSB, Sony, Apple, Panasonic, LGE, QC,OPPO, Huawei, HiSilicon, Spreadtrum

	Not support
	



Companies please provide additional comments, if any. For those whose preference is not to support the proposal, please also indicate whether the proposal would be acceptable (as we need to try to find a way forward somehow), and if no, what are the most critical reasons.
	Company
	Comments

	ZTE
	Would be OK for us to go with majority!

	Vivo
	We are ok with the proposal.

	DCM
	We are ok with the proposal for progress. 

	CATT
	The proposal is not our preference but it is acceptable to us for the sake of progress.

	Samsung
	We can live with the proposal for progress. 

	Ericsson
	We can accept the proposal for the sake of progress

	Intel
	We are fine to go with majority for 2.2-1.



Issue 2.2.2		Frequency hopping locations
Regarding the frequency hopping locations, companies suggested following Rel-15 mechanism.
· Reuse the Rel-15 mechanism: Ericsson[1], ZTE[3]
This is expected to be the consensus among companies, therefore there is no intention to make an explicit agreement on the issue. Instead, this will be handled as part of the TP for frequency hopping.
[bookmark: _Hlk33390610]Issue 2.3	Intra-PUSCH-repetition FH
The issue here is whether to support intra-PUSCH-repetition FH. Here is the summary of companies’ views from contributions:
· Yes: Ericsson[1] (at least when numberofrepetitions = 1), Apple[12], Intel[19]
· Apple[12]: intra-repetition hopping if there is a single actual repetition in a nominal repetition; otherwise inter-repetition hopping
· Intel[19]: In case of multiple actual repetitions within a slot, FH boundary is moved to the boundary between repetitions.
· No: vivo[2], ZTE[3], Nokia/NSB[4], Samsung[9], MotM/Lenovo[13], Huawei/HiSi[17]
Majority of the companies prefer not to support intra-repetition FH. Among the 3 companies who want to support intra-repetition FH, the details are somewhat different.
If there are multiple nominal repetitions (numberofrepetitions > 1), there does not seem to be obvious advantage of additionally supporting intra-repetition FH. So the only case that may make sense to consider seems to be the case when numberofrepetitions = 1, as suggested by Ericsson[1]. However, people may still argue that the frequency diversity can be achieved by using numberofrepetitions = 2 with a smaller value of L. In addition, if intra-PUSCH-repetition is supported, there are still some details that need to be discussed such as when and how it is supported: does the FH occur for every actual or nominal repetition? Or under what kind of conditions does FH occur?
Given these considerations, the following is proposed for companies to comment.
[bookmark: _Hlk33390720]Proposal 2.3-1: 
For PUSCH repetition Type B, intra-PUSCH-repetition frequency hopping is not supported. (RRC impact)
Companies please indicate whether you support the proposal or not.
	Support
	Nokia, NSB, CATT, ZTE, Sony, Panasonic, LG, DOCOMO, Samsung, QC,OPPO, vivo, Huawei, HiSilicon, Intel, Spreadtrum

	Not support
	Apple, Ericsson



Companies please provide additional comments, if any. For those who do not support the proposal, please provide an alternative proposal with all the DETAILS.
	Company
	Comments

	CATT
	We used to support intra-repetition FH. However, we think it is not feasible at this late stage so we would like to support the proposal.

	Apple
	What can be supported in Rel-15 should be retained, with K=1, intra-repetition is basically intra-PUSCH hopping, which should be supported. 

	LGE
	Intra-PUSCH-repetition FH can be similar to inter-PUSCH-repetition with smaller length except for some aspects, such as TBS calculation and Data-to-RE mapping. We think it is not essential at this stage.

	QC
	Increases DMRS overhead for nominal short values of L, for K=1 and reasonably large L it will be basically Type A PUSCH (Rel-15)

	vivo
	Frequency diversity can be achieved by allocating more than one repetitions and enabling inter-PUSCH-repetition frequency hopping.
For a PUSCH repetition with short duration, intra-PUSCH-repetition may lead to channel estimation performance degradation.

	Huawei
	For intra-PUSCH repetition FH, it may result in higher DMRS overhead. 

	Ericsson
	When setting numberofrepetitions = 1 the PUSCH is in essence a Rel. 15 PUSCH and it should have Rel. 15-like behavior. Note that setting numberofrepetitions = 2 and a smaller L does not allow for the same range of TB sizes as using numberofrepetitions = 1 with a large L. 
One may argue that an alternative is to RRC configure a Rel-15 like TDRA format with repetition type A. However, the possibility to use repetition Type B without RRC reconfiguration is lost. Hence there is a need for intra-PUSCH repetition for repetition Type B. For details, reuse Rel. 15 mechanisms.



Companies please provide additional comments, if any. For those whose preference is not to support the proposal, please also indicate whether the proposal would be acceptable  (as we need to try to find a way forward somehow), and if no, what are the most critical reasons.
	Company
	Comments

	 Apple                          
	 While we still believe intra-repetition frequency hopping is beneficial, we can accept proposal 2.3-1 for the sake of progress.

	Ericsson
	We can accept the proposal for the sake of progress




[bookmark: _Hlk33390841]Issue 2.4	TP to the FH field description for DCI format 0_1
A TP has been proposed in Nokia/NSB[4] to the FH field description for DCI format 0_1. It appears that the conditions for setting frequency hopping flag to 0 bit are not accurately described.
[bookmark: _Hlk33390892]Proposal 2.4-1: 
Adopt the following TP to TS 38.212 (changes in red):
	TP to TS 38.212, Sec. 7.3.1.1.2 
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if both the higher layer parameter frequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is are not configured or not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHopping-ForDCIFormat0_1 is not configured and  PUSCHTimeDomainResourceAllocationList-ForDCIformat0_1 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted> 



Companies please indicate whether you support the intention of the TP or not. (If the intention is agreeable, we can further discuss the detailed TP.)
	Support in principle
	Nokia, NSB, CATT, ZTE, Panasonic, DOCOMO, Samsung, QC, OPPO, vivo, Spreadtrum, Ericsson

	Not support
	LGE, Huawei, HiSilicon, Intel



Companies please provide additional comments, if any. For those who support the intention of the TP but not the exact text, please provide your suggestion on the TP. For those who do not support the intention of the proposal, please provide the reason and how the raised concern should be addressed.
	Company
	Comments

	CATT
	-     0 bit if only resource allocation type 0 is configured, or if both the higher layer parameterfrequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 pusch-RepTypeIndicatorForDCI-Format0-1-r16 is are not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHoppingForDCI-Format0-1-r16 is not configured and pusch-RepTypeIndicatorForDCI-Format0-1-r16 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;

	LGE
	We are wondering whether it is essential or not. When gNB (re-)configures pusch-RepTypeA or B, gNB should configure its FH scheme together within same RRC signaling. Since there is an UE behavior when FH parameter is absent, the value should be not maintained (meaning of “Need S” in 331).
For example, when pusch-RepTypeB is configured, though gNB configures frequencyHopping together, it is not possible to use the value of frequencyHopping in the future when pusch-RepTypeA is configured.
Thus, it seems not necessary to assume that gNB configure irrelevant parameter with its repetition type together. It is definitely redundant information since there is no way to utilize the parameter, unless dynamic switching of repetition type is supported. .
From the point of view, current specification is quite clear. When gNB want to disable FH for certain repetition type, gNB make relevant parameter absent and omit irrelevant parameter. Then both parameter wouldn’t be configured for disable FH. So it seems not mistake for us.  
[Additional comments] As far as I know, DCI format 0_0 doesn’t use frequencyHopping parameter. For DCI format 0_0, frequency hopping is always enabled without any RRC parameter. Please see following specification:
Description for DCI format 0_0 in 212:
- Frequency hopping flag – 1 bit according to Table 7.3.1.1.1-3, as defined in Clause 6.3 of [6, TS 38.214]
Description for whether to use FH in 214:
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, …
It should be note that DCI format 0_0 always has FH flag bit. Once flag bit is set to 1, UE may perform frequency hopping regardless of RRC parameter.
From the point of view, given example is not aligned with current specification.

	DOCOMO
	Prefer CATT proposed TP.

	QC
	Prefer CATT proposed TP.

	Huawei
	We share similar view as LGE. In addition, from 212 perspective, we think the current spec is clear as the condition to determine the number of bits for the field of “frequency hopping flag”. As to the applicable RRC parameter for type A and type B, it seems 38.214 already captured it clearly.

	Intel
	Agree with LGE.

	Nokia, NSB
	LGE has a valid point that gNB should make sure parameters are configured properly. However, even under this assumption, there is still one case that is not properly covered by the current specification:
Assume DCI format 0_1 is configured with repetition Type B, and frequencyHoppingForDCI-Format0-1-r16 is not configured, meaning that FH is disabled for DCI format 0_1. However, frequencyHopping may still be configured to be used by DCI format 0_0. In this case, FH flag in DCI format 0_1 should have 0 bit, but the condition “if both the higher layer parameter frequencyHopping and the higher layer parameter frequencyHopping-ForDCIFormat0_1 are not configured” is not satisfied.

	ZTE
	For the TP in 2.4, LG raised a valid point there. We are fine with either way, clarify (nice to have) or not clarify (seems not that essential).



Additional comments from companies in the emails:
	CATT:
	Regarding issue 2.4, if I understand Duckhyun’s comments correctly, the comment was that for PUSCH scheduled by DCI format 0_0,  frequencyHopping does not need to be configured since FH flag bit is always there in DCI format 0_0. Therefore, the case Sigen commented is not a valid case. Correct me if my understanding is wrong. 
However, my understanding is that in addition to set FH flag in DCI to 1, frequenchHopping and frequencyHoppingOffsetLists still need to be configured to determine the FH scheme and FH offset. 
frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                   OPTIONAL,   -- Need S
frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)
                                                                                                                OPTIONAL,   -- Need M
So even for PUSCH scheduled by DCI format 0_0, in order to support FH, frequenchHopping still needs to be configured. So I think the case Sigen provided is a valid case.



LGE
	Please note that DCI format 0_0 has no slot repetition even if pusch-AggregationFactor is configured as >1. So, interSlot is not applicable to DCI format 0_0. I haven’t found specific description though, there is no reason to check frequenchHopping parameter at least for DCI format 0_0. 
frequencyHoppingOffsetLists is used for any FH scheme. This parameter is not a part of this issue. 



CATT
	I agree that there is no slot aggregation for PUSCH scheduled by DCI format 0_0 so that only intra-slot frequency hopping is applicable. However, I do not think we have defined UE behavior in 38.214 or 38.331 that when frequencyHopping is absent, intra-slot frequency hopping is applied to PUSCH scheduled by DCI 0_0. Correct me if I missed anything. In addition, the scenario commented by Sigen is that FH is not configured for DCI format 0_1, then it is wired to me that gNB would configured frequencyHoppingOffsetLists (for FH scheduled by DCI 0_0) but not requencyHopping even if such configuration is allowed. Therefore, my understanding is that if gNB wants to enable FH for PUSCH scheduled by DCI 0_0, gNB would configure frequencyHopping to intraSlot rather than leave it absent.



 DOCOMO
	I share the same view as Yanping here. In addition, at the time when FH schemes were agreed, the slot aggregation is still applied to the fallback DCI, then from higher layer configuration perspective, there is no different handling regarding to the DCI format 0_1 and 0_0. Although FH flag is always in DCI format 0_0, if higher layer does not configure the FH, my understanding is the flag should be set to 0 for DCI format 0_0. Then at the CR phase, it was agreed that slot aggregation was only applied to DCI format 0_1.



ZTE
	I share with Duckhyun (LGE) here.  A UE can be anyway based on the indication of FH flag in DCI format 0_0 to determine FH or not, then it would be kind of wired to let UE further check whether frequencyHopping is configured or not. In addition, let's take a look at Rel-15 spec for DCI 0_1. If we think frequencyHopping can be applicable and configured to DCI 0_0, should we also propose a Rel-15 CR to decouple the FH enabling between DCI 0_0 and DCI 0_1? I hope not. So, the TP here is not that essential.



LGE
	To have common understanding, I would like to ask something with borrowing Lihui’s example. Let say gNB configure frequencytHopping and pusch-AggregationFactor to InterSlot and >2, respectively. 
Then there can be 3 interpretation for DCI format 0_0 with FH flag bit set to 1. 
1. It is error case since Inter slot is only applicable to multi-slot PUSCH transmission.
1. DCI format 0_0 performs inter slot FH though it has only single-slot PUSCH transmission. As a result, DCI format 0_0 actually has no frequency hopping.
1. DCI format 0_0 performs intra-slot FH regardless of frequencytHopping parameter. 
Our interpretation is 3. I could not find a description on which FH scheme is used for a PUSCH scheduled by RAR UL grant, fallback RAR UL grant, or by DCI format 0_0 with CRC scrambled by T-CRNTI, which has no RRC parameter. Though, I hope that intra-FH is common understanding. I think it could be answer to Yanping’s question. 
Our question is same as before, whether proposal is essential or not based on current description. If interpretation 3 is correct, we don’t think it is essential. Otherwise, we also agree with what Sigen said.  



CATT
	Thanks for your further comments. You do have provided a valid case. In this case, I think interpretation 1 should definitely not the intended interpretation since otherwise inter-slot FH cannot be configured in many cases. As Lihui commented, slot aggregation is not applied to PUSCH scheduled by DCI format 0_0 was discussed and agreed in the CR phase as you also know. So it should be clear that the original intended UE behavior on how to determine the FH scheme for PUSCH scheduled by DCI format 0_0 at least for DCI scrambled by RNTI other than TC-RNTI is to follow the higher layer configuration. After we agreed to not apply slot aggregation to PUSCH scheduled by DCI format 0_0, we did not discuss on the impact on FH any more (at least as far as I know). So if we assume FH scheme for DCI format 0_0 scrambled by RNTI other than TC-RNTI follows higher layer configuration, in your case, I would assume that gNB would always set FH flag to 0 in the DCI format. I am not saying that interpretation 3 does work, but if that is the intended UE behavior, we need explicit defined UE behavior in specification in our view. Given the situation now, it would be good to hear more companies’ views on the understanding and then we can discuss whether the correction is necessary or not.






To summarize the discussion status, companies were arguing whether the proposed correction is essential or not, or in other words, whether there should not be any issue if gNB does not configure unnecessary parameters. Regarding the one case that Nokia/NSB brought up, there seems to be different understanding on the FH behavior of DCI format 0_0, which leads to different understanding on whether this proposed correction is essential or not. It seems that behaviors for DCI format 0_0 are not entirely clear in Rel-15, and further discussion/clarification would be necessary. However, this should be done as part of Rel-15 maintenance instead of this agenda item.
[bookmark: _Hlk33651327]Given that we will not be able to clarify the behavior in this email discussion, or in RAN1 some time soon, the suggestion is to proceed with the TP so that the spec is correct regardless of the outcome of the clarification on DCI format 0_0 (so that we will never need to come back and revisit the issue).
Based on the comments, the TP text needs some modification. Here is the modified proposal:
[bookmark: _Hlk33651288]Proposal 2.4-1a: 
Adopt the following TP to TS 38.212 (changes in red):
	TP to TS 38.212, Sec. 7.3.1.1.2 
7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if both the higher layer parameter frequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 pusch-RepTypeIndicatorForDCI-Format0-1-r16 is are not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHoppingForDCI-Format0-1-r16 is not configured and pusch-RepTypeIndicatorForDCI-Format0-1-r16 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted> 



Companies please indicate whether you support the intention of the TP or not. (I copied the supporting companies of the original proposal 2.4-1.)
	Support in principle
	Nokia, NSB, CATT, ZTE, Panasonic, DOCOMO, Samsung, QC, OPPO, vivo, Spreadtrum, Ericsson, LG

	Not support
	



Companies please provide additional comments, if any. For those who support the intention of the TP but not the exact text, please provide your suggestion on the TP. For those who do not support the intention of the proposal, please provide the reason taking into account what had been discussed so far.
	Company
	Comments

	LG
	I agree with FL’s comment. Current TP can be applied any interpretation on current specification. To make it safe to clarification in future., we are also fine with the proposal.

	Huawei
	The question is whether we will continue to clarify the interpretation related to DCI format 0_0 or not? If yes, is it better to see if we need this TP once we have consensus on the clarification? Because if the outcome of the clarification is that the example given won’t happen, then we don’t need to do anything for the current 212 spec. It seems the current 212 specification is more concise. Of course if in the end the outcome of the clarification is that the example will happen, then happy to take this TP here.
[Update] Fine with it.




3	List of Agreements
After the first phase of the email discussion, the following has been agreed:
Conclusion on how FH is enabled/disabled for Type 2 CG with DCI format 0_1 in Rel-15:
· For Type 2 CG in Rel-15 activated by DCI format 0_1, if frequencyHopping in configuredGrantConfig is not configured, FH is disabled. If frequencyHopping in configuredGrantConfig is configured, FH for Type 2 CG is enabled if the frequency hopping flag field in the activation DCI is set to 1, and FH is disabled if the frequency hopping flag field in the activation DCI is set to 0.
[bookmark: _Hlk34298907]Agreements:
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping enabling/disabling and the frequency offset follows the indication in the activation DCI, and the frequency hopping scheme follows the corresponding RRC parameter for the activation DCI format. (RRC impact)
[bookmark: _Hlk34298937][bookmark: _Hlk34340676]Agreements:
For PUSCH with repetition Type B, with inter-repetition FH, frequency hopping occurs for each nominal repetition.
Agreements:
For PUSCH repetition Type B, intra-PUSCH-repetition frequency hopping is not supported. (RRC impact)
[bookmark: _Hlk34340744]Agreements:
Adopt the following TP to TS 38.212 (changes in red):
	TP to TS 38.212, Sec. 7.3.1.1.2 
7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if only resource allocation type 0 is configured, or if both the higher layer parameter frequencyHopping is not configured and the higher layer parameter frequencyHopping-ForDCIFormat0_1 pusch-RepTypeIndicatorForDCI-Format0-1-r16 is are not configured to  ‘pusch-RepTypeB’, or if the higher layer parameter frequencyHoppingForDCI-Format0-1-r16 is not configured and pusch-RepTypeIndicatorForDCI-Format0-1-r16 is configured to ‘pusch-RepTypeB’, or if only resource allocation type 2 is configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, only applicable to resource allocation type 1, as defined in Clause 6.3 of [6, TS 38.214].
<Unchanged text is omitted> 



Regarding the specification and RRC impact:
· The 1st and 3rd agreements have RRC impact, and the RRC parameter spreadsheet should be updated accordingly. They may not necessarily change the running CR for TS 38.331, but they close some of the open points for TS 38.331.
· The 1st and 2nd agreements have specification impact on TS 38.214. The TP is discussed in the 2nd phase of the email discussion.
· The 4th agreements are already in the form of a TP.

4	Additional Text Proposals
This includes the additional text proposals based on the agreements in Section 3, in addition to the last agreements in Section 3.
4.1	TP for agreements on Type 2 CG FH
[bookmark: _Hlk34340596]Agreements:
For Type 2 CG PUSCH activated by a DCI format configured with PUSCH repetition Type B, the frequency hopping enabling/disabling and the frequency offset follows the indication in the activation DCI, and the frequency hopping scheme follows the corresponding RRC parameter for the activation DCI format. (RRC impact)
Proposal 4-1:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
[bookmark: _Toc29673230][bookmark: _Toc29673371][bookmark: _Toc29674364]6.3.2	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in rrc-ConfiguredUplinkGrant configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format]. One of two frequency hopping modes can be configured:
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format (including the activating DCI for a Type 2 PUSCH transmission with a configured grant) is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping- PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
<Unchanged text is omitted>



Companies please indicate whether you support the TP or not.
	Support
	Nokia, NSB, DOCOMO, CATT

	Not support
	ZTE



Companies please provide additional comments, if any. For those who do not support the TP, please provide an alternative TP.
	Company
	Comments

	ZTE
	We are fine with the first change. But, as for the second part, we prefer not to include the sentence '(including the activating DCI for a Type 2 PUSCH transmission with a configured grant) '. We have clarified companies' understanding on Rel-15 rules for FH enabling, and agreed to be reused in Rel-16. So, we don't need to make additional clarification, which will not make things clearer. Instead, it will cause ambiguity, e.g., people didn't follow the discussion here may think we have done something different in Rel-16.

	QC
	Agree with ZTE to remove the additional text, although not objecting the text

	LG
	Share similar view to Qualcomm. The text is true so we don’t object though, frequency hopping flag has been used also for Rel. 15 type 2 CG. Only one difference is placement of RRC parameter determining FH scheme. We don’t mind to remove the text.



The update based on the comments was provided in Proposal 4-1a, which was agreed.
Proposal 4-1a:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in rrc-ConfiguredUplinkGrant configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format]. One of two frequency hopping modes can be configured:
-     Inter-repetition frequency hopping
-     Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping- PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
<Unchanged text is omitted>




4.2 TP for agreements on inter-repetition FH
Agreements:
For PUSCH with repetition Type B, with inter-repetition FH, frequency hopping occurs for each nominal repetition.
Proposal 4-2:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2	Frequency hopping for PUSCH repetition Type B
<Unchanged text is omitted>
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. the starting RB for the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:

	,


where  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.



Companies please indicate whether you support the TP or not.
	Support
	Nokia, NSB, DOCOMO, CATT, ZTE, QC, LG

	Not support
	



Companies please provide additional comments, if any. For those who do not support the TP, please provide an alternative TP.
	Company
	Comments

	LG
	Just for clarification, we suggest following modification:
the starting RB for actual repetitions within the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:



The text proposal was updated to the following based on the comments, and it was agreed.
Proposal 4-2a:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
<Unchanged text is omitted>
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. the starting RB for an actual repetition within the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:
                                        [image: ],
where [image: ] is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and [image: ]is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping, the starting RB during slot [image: ] follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.



4.3	Agreed TPs
[bookmark: _Hlk34340607]Agreements:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in rrc-ConfiguredUplinkGrant configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format]. One of two frequency hopping modes can be configured:
-     Inter-repetition frequency hopping
-     Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping- PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
<Unchanged text is omitted>



[bookmark: _Hlk34340661]Agreements:
Adopt the following TP to TS 38.214 (changes in red):
	TP to TS 38.214, Sec. 6.3.2
6.3.2       Frequency hopping for PUSCH repetition Type B
<Unchanged text is omitted>
In case of inter-repetition frequency hopping, [details to be added when agreements become available]. the starting RB for an actual repetition within the n-th nominal repetition (as defined in Clause 6.1.2.1) is given by:
                                        [image: ],
where [image: ] is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and [image: ]is the frequency offset in RBs between the two frequency hops.
In case of inter-slot frequency hopping, the starting RB during slot [image: ] follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.
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Appendix A: Previous agreements on potential enhancements for PUSCH
RAN1#94bis (Oct. 2018)
Agreements:
· One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH.
RAN1#95 (Nov. 2018)
Agreements:
Support at least one of the following for one TB:
· One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations
· N (N>=2) UL grants scheduling N PUSCH repetitions on consecutive available slots, with one repetition in each slot, and the i-th UL grant can be received before the end of the PUSCH transmission scheduled by the (i-1)th UL grant.
· FFS the definition of available slots
RAN1 AH#1901 (Jan. 2019)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “twomulti-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· Alt1: One repetition spans across more than one UL periods.
· This implies that DMRS is required for each UL period.
· Note: it is agreed in previous meetings that one PUSCH instance is not across a slot boundary
· Each repetition occupies contiguous symbols available for potential UL transmission across one or more UL periods
· Alt2: One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· FFS Transmission of the repetitions spanning across more than two slots is not supported.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)
Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots
Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.
RAN1#96 (Feb. 2019)
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
Here is the description of Option 4 from TR 38.824:
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH. It further consists of:
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.
RAN1#96bis (Apr. 2019)
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
RAN1#97 (May 2019)
Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination
RAN1#98 (Aug. 2019)
Agreements:
In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:
· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.
· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)
· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details
Conclusion:
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3 from DG is not applicable for CG.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)
· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded

RAN1#98bis (Oct. 2019)
Agreements:
· Do not support PUSCH mapping type A for Option 4.

Agreements:
· Rel-16 enhanced PUSCH scheme (including dynamic indication of the number of repetitions) is supported for DCI format 0_1 and new UL DCI format (for DG and type 2 CG).
· Rel-16 enhanced PUSCH scheme is not supported for DCI format 0_0 for DG and type 2 CG

Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)
Agreements:
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
Agreements:
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern
Agreements:
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

Conclusion:
Definitions:
· “Rel-16 PUSCH transmission scheme”: Option 4
· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).

Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-4 is not further considered for both DG and CG
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 1-2 is not further considered for DG.
Agreements:
For the interaction with DL/UL directions, if dynamic SFI is configured, Option 2-2 and 2-3 is not further considered for DG.
Agreements:
· For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG
RAN1#99 (Nov. 2019)
Agreements:
· For the initial Type 2 CG PUSCH transmission, the TDRA table follows the activating DCI.
· For the initial Type 2 CG PUSCH transmission with PUSCH repetition type A or B, the number of repetitions is provided by the activating DCI via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
Agreements:
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, 
· If one and only one of DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B, the TDRA table corresponding to the DCI format (0_1 or 0_2) configured with PUSCH repetition type B is used. 
· If both 0_1 and 0_2 are configured with PUSCH repetition type B, the TDRA table corresponding to DCI format 0_1 is used.
· Note: For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, the case of none of the DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B is an error case
· For the initial Type 1 CG PUSCH transmission, if it is configured with PUSCH repetition type A, use the TDRA table for USS in Rel-15.
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition, the number of repetitions is provided via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
· FFS the value range of repK is extended for R16 repetition type A and/or type B
Agreements:
· For PUSCH repetition type B, L<=14

Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH

Agreements:
The column on the number of repetitions numberofrepetitions is always present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2.
· For DG with PUSCH repetition type A, if numberofrepetitions is present in the corresponding TDRA table, the number of repetitions is given by numberofrepetitions. Elseif the UE is configured with pusch-AggregationFactor, the number of repetitions is given by pusch-AggregationFactor. Otherwise the number of repetitions is 1.
· For DG with PUSCH repetition type B, the number of repetitions is given by numberofrepetitions.
· Note that pusch-TimeDomainAllocationList-ForDCIformat0_1/2 needs to be configured for PUSCH repetition type B.
Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
· FFS whether to have a limit on the number of nominal repetitions in a slot
Agreements:
For how to indicate S and L in the TDRA table for PUSCH repetition type B, S and L are separately indicated (4-bit for S and 4-bit for L).
· S is from 0 and [13], L is from [1] to 14.
· Note: The additional restrictions for a particular waveform and/or DMRS mapping type from R15 are still applicable
Agreements:
For both DG and CG with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel-15 mechanism.
Agreements:
For Type 1 CG with PUSCH repetition type B, introduce a new RRC parameter frequencyHopping-PUSCHRepTypeB per CG configuration to indicate the frequency hopping scheme, and reuse Rel-15 parameter frequencyHoppingOffset to determine the frequency locations.
· For Type 1 CG with PUSCH repetition type B, if frequencyHopping-PUSCHRepTypeB is not configured, frequency hopping is not enabled.
Agreements
Introduce a new RRC parameter frequencyHopping-ForDCIFormat0_1.
· This parameter can only be configured when PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’.
Agreement (RRC impact)
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
Note: Qualcomm has concerns over the above feature in terms of UE complexity. Majority of companies do not see this issue.

Agreement
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline

Agreement
For DG PUSCH with PUSCH repetition type B, the RV for the first repetition is provided by DCI, and RV cycling is done across the repetitions using the RV sequence of {0, 2, 3, 1}.
· FFS “repetition” means nominal or actual repetition
· FFS In case “repetition” means nominal repetition, whether the same RV applies to all the actual repetitions corresponding to a nominal repetition.

Agreements:
For CG PUSCH with PUSCH repetition type B, RV cycling is done across repetition following the sequence in repK-RV,
· the first repetition uses the first value in repK-RV
·  “repetition” means actual repetition


Appendix B: Related Rel-15 RRC parameters
PUSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                   OPTIONAL,   -- Need S
    txConfig                                ENUMERATED {codebook, nonCodebook}                                  OPTIONAL,   -- Need S
    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M

    pusch-PowerControl                      PUSCH-PowerControl                                                  OPTIONAL,   -- Need M
    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                   OPTIONAL,   -- Need S
    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)
                                                                                                                OPTIONAL,   -- Need M
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }             OPTIONAL,   -- Need M
    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    transformPrecoder                       ENUMERATED {enabled, disabled}                                      OPTIONAL,   -- Need S
    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,nonCoherent}
                                                                                                      OPTIONAL, -- Cond codebookBased
    maxRank                                 INTEGER (1..4)                                            OPTIONAL, -- Cond codebookBased
    rbg-Size                                ENUMERATED { config2}                                     OPTIONAL, -- Need S
    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                               OPTIONAL, -- Need M
    tp-pi2BPSK                              ENUMERATED {enabled}                                      OPTIONAL, -- Need S
    ...
}

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
    }                                                                                                           OPTIONAL,   -- Need R
    ...
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- ASN1START
-- TAG-DMRS-UPLINKCONFIG-START

DMRS-UplinkConfig ::=               SEQUENCE {
    dmrs-Type                           ENUMERATED {type2}                                                  OPTIONAL,   -- Need S
    dmrs-AdditionalPosition             ENUMERATED {pos0, pos1, pos3}                                       OPTIONAL,   -- Need S
    phaseTrackingRS                     SetupRelease { PTRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    maxLength                           ENUMERATED {len2}                                                   OPTIONAL,   -- Need S
    transformPrecodingDisabled          SEQUENCE {
        scramblingID0                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        scramblingID1                       INTEGER (0..65535)                                              OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    transformPrecodingEnabled           SEQUENCE {
        nPUSCH-Identity                     INTEGER(0..1007)                                                OPTIONAL,   -- Need S
        sequenceGroupHopping                ENUMERATED {disabled}                                           OPTIONAL,   -- Need S
        sequenceHopping                     ENUMERATED {enabled}                                            OPTIONAL,   -- Need S
        ...
    }                                                                                                       OPTIONAL,   -- Need R
    ...
}

-- TAG-DMRS-UPLINKCONFIG-STOP
-- ASN1STOP

1
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