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1. Introduction
In RAN1 #91 and NR AH 1801 meeting, the main issues for UL codebook based transmission have been solved. Based on the contributions, the following remaining issues are summarized:
· Default transmission scheme
· No SRS configuration
· Timing offset between SRI and SRS
· UE antenna port assumption and GP for different SRS resources
· Codebook subset restriction
· SRS time domain behavior

2. Discussion on remaining issues
2.1 Default transmission scheme
The following proposals are related to default transmission scheme
· 1-layer based for DCI format 0_0 with preconfigured beam
· Supported: vivo
· If a UE is not configured with ulTxConfig, codebook based UL transmission with single antenna port is used as default transmission scheme
· Supported: CATT, OPPO, LG, Nokia, NSB, Ericsson, Lenovo, Motorola, Intel, vivo
· When the UL transmission scheme is not configured, the PUSCH transmission is scheduled by DCI format 0_0.
· Supported: Qualcomm
· 

Proposal 1:
· If ulTxConfig is not configured, the default transmission is 1 PUSCH port based
· The PUSCH is triggered by DCI format 0_0
· Note: there is no TPMI, no SRI indication in format 0_0
· [bookmark: _GoBack]Note: this does not imply new uplink transmission scheme shall be defined

	 Companies
	Comments

	Intel
	Proposal is the same as offline agreement in last meeting and based on majority view

	DOCOMO
	Agree with the proposal.

	Ericsson
	Agree with the proposal’s intent, but would use slightly different wording.  Since ‘default transmission scheme is essentially the same as ‘ulTxConfig is not configured’, the proposal might be more clearly worded as ‘A UE not configured with ulTxConfig uses codebook based transmission on antenna port 0.’

	NEC
	Agree with the proposal.

	LGE
	We are generally ok with this proposal, and the wording of “1 DMRS port based” seems better to be revised as “1 port based” since this is the default PUSCH transmission so that 1-port PUSCH transmission seems sufficient and clear.

	OPPO
	We have similar view as LGE that PUSCH triggered by DCI format 0_0 should be “1 antenna port based” instead of “1 DMRS port based”.

	ZTE/Sanechips
	Fine with the proposal.

	ITRI
	Agree with this proposal.

	Huawei
	Agree with the proposal.

	Samsung
	OK

	CATT
	In general we are fine with the proposal, a better wording could be similar as proposed by Ericsson.

	vivo
	Agree. But there are two more sub-issues need to be further discussed:
· the beams of the default transmission
· codebook or non-codebook? Since this relates to precoding granularity;
· cases when UE is configured with SRS and ulTxConfig, and UE is scheduled with DCI format 0_0

	Intel2
	Updated based on comments. The issue raised by vivo seems to be a separate issue. A WF will be very appreciated. 

	Nokia
	Agree with the proposal. Suggestion to clarify the “the default transmission is 1 port based” to “the default transmission is 1 PUSCH port as specified in Section 6.3.1.5 of 38.211 with antenna port 0.” This would make a possible TP.

	Intel3
	Minor change to reflect Nokia’s comment



2.2 On No SRS configuration
The following proposals are related to whether or not restrict gNB to configure at least 1 SRS resource for codebook based UL transmission:
· Alt1: No restriction on gNB’s configuration of SRS for codebook based UL transmission
· Supported: vivo (use preconfigured parameters and SRI for beam indication), Docomo (codebook is based on DMRS antenna ports), Nokia, NSB (use Msg3 beam), Ericsson (based on DMRS or SRS antenna ports), Qualcomm (when UE reports its capability of “nonCoherent” transmission), Intel (based on reported  maximum SRS antenna ports per resource)
· Alt2: gNB should configure at least 1 SRS resource for codebook based UL transmission scheduled by DCI format 0_1.  No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.
· Supported: Huawei, HiSilicon, ZTE, Sanechips, CATT, OPPO, LG

Proposal 2:
· For codebook based UL transmission, there is no restriction on gNB’s configuration of SRS when PUSCH is scheduled by DCI format 0_0 or the UE reports its capability of maximum number of SRS antenna ports is 1.
· When PUSCH is scheduled by DCI format 0_1 and the UE reports its capability of maximum number of SRS antenna port is above 1, a UE expects to be configured with at least 1 SRS resource.  

	 Companies
	Comments

	Intel
	No majority view for this issue. Since Alt1 still has different solutions, Alt2 seems to be simple. 
From our view, to restrict gNB to configure at least 1 SRS resource can increase the overhead and latency. 

	DOCOMO
	Support Alt.1. There are some operation scenarios with uplink transmission without SRS, e.g., UL channel sounding with DM-RS, etc.

	Ericsson
	Support Alt. 1.  Antenna ports are defined for PUSCH regardless of if SRS is transmitted in a given slot or even configured.  Moreover, while SRS is very useful, it is just one source of gNB CSI, and is not required in all cases.
Regarding Alt. 2: What does it imply that a UE shall expect to be configured with at least one SRS resource?  If it is essential enough that it is always required, what does the UE need it for and when?

	NEC
	Support Alt.1. We have similar view as DoCoMo, SRS is not always needed.

	LGE
	We revised the above Alt.2 and Proposal 2 by adding “scheduled by DCI format 0_1” based on so far related RAN1 agreements since we believe this would be the correct intension for having Alt.2. Feel free to correct us if there’s different understanding regarding Alt.2 and Proposal 2.
Considering the revised Proposal 2, we can still support UL transmission without SRS using PUCCH format 0_0. If we go with Alt.1 even for DCI format 0_1, however, we would require defining TPMI on multiple types of UL antenna ports, e.g., SRS ports, PUCCH DMRS ports, etc., and it is ambiguous how to support this. If we go with Alt.2, the TPMI is defined on SRS ports only, so that it is much cleaner.  In our view, defining UL MIMO precoder on antenna ports other than SRS ports is a new feature and it would require a huge effort to discuss the details and might need to change current spec. hugely. Given that we are in the CR phase, we should avoid introducing new features so that we strongly prefer to stick to current agreements, i.e., Alt.2 and Proposal 2 accordingly.  

	OPPO
	Generally we are OK with LGE’s proposal.  For PUSCH scheduled by DCI format 0_1, SRS resource is necessary for TRI/TPMI/antenna port determination (for codebook based) or SRI indication (for non-codebook based), also essential for frequency selective scheduling. For PUSCH scheduled by DCI format 0_0 (single antenna port based), though we think SRS resource is still necessary, as a compromise, it can be left to gNB implementation so that no new feature (no specification impact) is needed for this case.  We make some rewording since “a UE shall expect” is not a common description in current specification. Hope it is OK for the companies supporting Alt.2.

	ZTE/Sanechips
	Support Alt 2. The merit of having Alt 1 is to reduce SRS overhead. SRS would occupy a few OFDM symbols, but it can also be reused to predict DL channel for DL transmission. In addition, this SRS can be configured to be aperiodic to reduce overhead. Therefore, we don’t think the overhead of SRS is an essential issue for codebook based UL transmission.
Additionally, it seems we have a lot of candidate schemes for Alt 1, which would trigger a lot of discussion with unclear benefit. Among them, one scheme is to use codebook based on DMRS. But DMRS only appears in the RBs with UL transmission. gNB cannot rely on DMRS to do frequency selective scheduling. Further, the TPMI measured from DMRS is not accurate if the scheduled RBs change. Hence, we think Alt 2 is a more reasonable solution.

	ITRI
	Support Alt.2. From our view, TPMI and SRI is basically determined according to measurement results of at least one SRS resource. 

	Huawei
	Support Alt 2. The overhead of SRS transmission can be controlled by gNB’s scheduling, therefore we believe it’s not going to be an issue. And, the performance on TPMI generation based on precoded references such as DMRS is quite doubtful. Hence, defining a new transmission mode at this stage without performance evaluation is not appropriate.

	Samsung
	In our view, there is some merit in Alt 1 (no SRS configuration) but it has some open issues (as discussed in our contribution). We prefer to have more discussion to address these issues before we down-select.

	CATT
	Fine with the proposal

	vivo
	Alt1.

	Intel2
	Updated proposal based on the comments. This issue is still quite controversial. We tried to find out a middle way. 

	Nokia
	We support Alt. 1. For DCI format 0_0, it would be likely that the configured SRS resource will be zero since there is no SRI. For DCI format 0_1, it is not necessary to restrict the minimum SRS resource number to 1.



2.3 Timing offset between SRI and SRS
The following proposals are related to timing offset between SRI and its indicated SRS resource
· The SRI in slot n is associated with the most recent SRS transmission before slot n-k, k is a fixed value
· Supported: CATT, OPPO(k=0), Nokia, NSB, Qualcomm (k>0), Intel (k=4)

Proposal 3:
· For codebook based UL transmission, the SRI in slot n is associated with the most recent SRS transmission before slot n-k, and k is a fixed value, e.g. k=4.

	 Companies
	Comments

	Intel
	As different beams may be applied to different time instances for a SRS resource, the timing issue should be clarified. 
K=4 is defined as the minimal timing offset between beam failure recovery request and beam failure response. Hence suggest to reuse this value.

	DOCOMO
	Agree with the proposal. k should be FFS.

	Ericsson
	While we understand UE vendor concerns about having SRS indicated by SRI too close to PUSCH, our expectation is that the UE will not change SRS ‘precoding’ very often, and so we’d like to understand better why a specified time difference is needed.  
Would it be sufficient instead to say ‘SRI is associated with the most recent transmission of the SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI’?

	NEC
	We are OK with the proposal.

	LGE
	We are generally fine with the proposal, but the spec wording should be aligned with non-codebook based case together, e.g., Ericsson’s suggested wording in R1-1802738 as “…SRI is associated with the most recent transmission of the SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI” seems fine. 

	OPPO
	We are also OK with Ericsson ‘s suggested wording.

	ZTE/Sanechips
	Agree with Ericsson. We are also wondering why we need to specify a fixed value, e.g., 4. For SRI indication calculated from SRS, it’s more like a gNB complexity issue. From our understanding, we think it’s sufficient to define the associated SRS resources to be the most recent one before the PDCCH carrying SRI.

	ITRI
	Agree with this proposal. FFS the fixed value k.

	Huawei
	In general, we are fine with the proposal.

	Samsung
	We are fine with the proposal. 

	CATT
	Ok with the proposal

	vivo
	Agree with E/// that SRS timing is also related to PDCCH and it should be before scheduling.

	Intel2
	Our understanding is that Ericsson’s proposal means k=0, so we suggest to keep this proposal and decide the value of k online.

	Nokia
	Support the proposal.




2.4 UE antenna port assumption and GP for different SRS resources
The following proposals are related to UE antenna port assumption for different SRS resources
· Different SRS resources are associated with different UE antenna port(s)
· Supported: ZTE, Sanechips, Intel
The following proposals are related to Guard Period (GP) of SRS for codebook based UL transmission.
· UE reports its required GP for SRS for codebook based UL transmission
· Supported: Huawei, HiSi
· GP for SRS for codebook based UL transmission should reuse the GP for SRS for antenna selection
· Supported: Intel

Proposal 4:
· For codebook based UL transmission, different SRS resources are associated with different UE antenna port(s).
· With regard to the GP for SRS, reuse the GP for SRS for antenna selection

	 Companies
	Comments

	Intel
	It should be clarified that whether different SRS resources can be associated with the same UE antenna port(s) or not. If they can come from the same UE antenna port(s), the use case for the 2 SRS resources should be clarified.
If the different SRS resources are associated with different UE antenna port(s), support Alt2 to reuse the GP for SRS for antenna selection, since both GPs are for the same reason.

	DOCOMO
	Agree with Intel.

	Ericsson
	

The proposal is not yet clear to us.  36.211 defines one set of antenna ports starting with 0 ‘’ prior to precoding and one set of antenna ports starting with 1000 ‘’ after precoding, e.g. in 6.4.1.1.2:




Which of  and  is associated with the different SRS resources?  

	NEC
	Similar view as Intel.

	LGE
	Similar view with Intel in principle, but it may need to discuss not only for codebook-based transmission, but also considering antenna selection case as well as beam management case altogether for consistency.

	OPPO
	Is the motivation of the GP between different SRS resources is for antenna switching? Since there is already SRS resource set for antenna switching (with SRSset-use to be AntennaSwitching), why we need to support the same functionality in two different SRS resource sets simultaneously?  Also, antenna switching for 1T4R can’t be supported with only two SRS resources. A better solution to support antenna switching for PUSCH is allowing SRI for codebook based transmission to be associated with SRS resource set for antenna switching, if the SRS resource set for codebook based UL is not configured.

	ZTE/Sanechips
	Support the proposal. The UE antenna ports associated with different SRS resources is more like physical antennas from UE side. In 38.214, this term has already been used to describe antennas associated with different SRS resources for antenna switching.

	ITRI
	Agree with this proposal

	Huawei
	In case different SRS resources are associated with different UE antenna ports, it is quite reasonable for the UE to have time gap between SRS transmission. In this sense, we agree with the proposal. And, even though we prefer Alt 1, we are still fine with Alt 2.

	Samsung
	We have similar view as Intel that a clarification is needed that different resources correspond to different antenna ports(s). With this clarification, we are fine with Alt 2.

	CATT
	It is not clear to us what is it about, how does it work, why is it needed? Is it SRS ports or antenna ports?

	vivo
	In our understanding, the two resources are more related to different panels. Then it does not necessarily mean UE needs some gap in between for resource switching. 

	Intel2
	Updated based on comments from majority view. Can we use the term “PUSCH port”? I think we understand the intention, there seems to be some wording concern. Anyway clarification of the 2 SRS resources are necessary. If we cannot find out a good use case, can we remove 2 SRS resources in Rel-15?

	Nokia
	Even if two SRS resources are mapped to two sets of antenna ports (the maximum number of SRS resources for CB-based is 2), what’s the motivation of using different GP for the two sets of antenna ports? Reusing the same GP would be the simplest approach.

	Intel3
	Use the term “UE antenna port(s)” to reflect ZTE’s comments




2.5 Codebook subset restriction
The following proposals are related to codebook subset restriction:
· Send LS to RAN2 with a clarification that a UE is not expected to be configured with ULCodebookSubset of ‘partialAndNonCoherent’ when two antenna ports are configured.
· Supported: CATT

Proposal 5:
· UE is not expected to be configured with ULCodebookSubset of ‘partialAndNonCoherent’ when two antenna ports are configured.
· Send a LS to RAN2

	 Companies
	Comments

	Intel
	This proposal seems to be straight-forward. Support this proposal.

	DOCOMO
	Agree with Intel.

	Ericsson
	The proposal is fine for us as well.  

	NEC
	We are OK with the proposal.

	LGE
	Agree with this proposal.	

	OPPO
	Agree

	ZTE/Sanechips
	Fine with the proposal.

	ITRI
	Agree with this proposal

	Huawei
	We are ok with the proposal.

	Samsung
	OK

	CATT
	Fine with the proposal

	vivo
	ok

	Nokia
	Agree.




2.6 SRS time domain behavior
The following proposals are related to SRS time domain behavior:
· The UE is configured with one resource set for codebook based or non-codebook based operation, which can be triggered aperiodically, periodically, or semi-persistently. Each SRS resource can have a SRS-SlotConfig parameter for periodic transmission and can be triggered by SRS request field.
· Supported: Ericsson

Proposal 6:
· With regard to time domain behaviors for the SRS resource for codebook based UL transmission, down-select one of the following alternatives:
· Alt 1. UE is configured with one resource set for codebook based or non-codebook based operation, which can be triggered aperiodically, periodically, or semi-persistently. Each SRS resource can have a SRS-SlotConfig parameter for periodic transmission and can be triggered by SRS request field.
· Alt 2. Support multiple SRS resource sets
· Alt 3. For a UE, only 1 type of time domain behavior for SRS for codebook based UL transmission can be supported in Rel-15

	 Companies
	Comments

	Intel
	This is a new issue. Based on current framework, for SRS for codebook base UL transmission only 1 time domain behaviour could be supported. 
The example seems to be a good solution. Support the example.

	DOCOMO
	Agree with Intel.

	Ericsson
	We support the example solution, with the added clarification ‘parameter for periodic/semi-persistent transmission’, which we expect is the intent.

	LGE
	This is actually to revert the current agreement, but we are open to discuss it to improve the flexibility in time-domain behaviour. If we try to allow more flexibility, however, the solution to achieve it seems to allow simply one more SRS resource set to be configurable for codebook-based UL transmission (so that in total two SRS resource sets can be configured). This seems better than the Proposal to avoid such new impacts on the existing parameter of SRS-SlotConfig, and so on.

	ZTE/Sanechips
	The proposal is a bit unclear to us. Does the example imply that periodic SRS is “always-on” regardless of the configured time-domain type? We are wondering why the case that only aperiodic SRS exists is precluded. Having periodic SRS always on seems to violate the intention of introducing aperiodic SRS.
We understand the current specification is not clear on whether and how to support multiple types of time-domain behaviour for SRS. The following alternatives can be identified for further discussion.
Alt 1: UE can only be configured with one SRS resource set for codebook/non-codebook based UL with only one type of time-domain behaviour. (Strictly follow the previous agreements)
Alt 2: UE can be configured up to two SRS resource sets for periodic/semi-persistent SRS and aperiodic SRS, respectively. Both of the two sets are used for codebook or non-codebook based UL. (Achieve flexibility)

	ITRI
	Agree with this proposal

	Huawei
	The main reason the group agreed with having same time domain behaviour within an SRS resource set is that the simplicity is more important than more flexible operation. In this sense, we want to keep current agreement until we can see there’s clear benefit of the proposal. Furthermore, if this mechanism is to be used for noncodebook based transmission also, this issue is linked to association of CSI-RS resource too, as different parameters are used to indicate the associated CSI-RS when the SRS resource set is periodic/semi-persistent or when the SRS resource set is aperiodic. 

	Samsung
	We already agreed to have the same domain behaviour for all resources in the set, and there is no clear understanding about how much benefit can be achieved with two different time domain behaviours for the two resources. Also, there is no essential need for such improvements. We therefore prefer to stick to the agreement (Alt 1 in ZTE’s response).

	CATT
	As we discussed in the AH1801, simple solution would be support more than one SRS resource set.

	vivo
	We are open to have more flexibility. If so, more resource sets is a natural choice.

	Intel2
	Updated based on comments. There are more than 1 solutions. We can down-select online. A WF is also appreciated.

	Nokia
	We had this agreement in last meeting (RAN1 NR ad hoc 1801):
Agreement
· For codebook based uplink transmission, SRS resources in the same resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS
· Send the above as part of LS to RAN2

For CB-based transmission, we already have the time domain behaviour agreement.




2.7 Others
There are some other proposals as follows:
· Support up to 4 UL PT-RS antenna ports: Lenovo, Motorola
· Before configuration of SRS, for DFT-s-OFDM, PRG size is the whole scheduling bandwidth and for CP-OFDM, PRG size is 1 PRB: vivo
· Modify the value set of SRS-SetUse from { BeamManagement, Codebook, NonCodeBook, AntennaSwitching} to { BeamManagement, ULCSIAcquisition, AntennaSwitching }: CATT, OPPO

Those proposals would/may revert previous agreements or conclusion, suggest companies prepare a WF for discussion.
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