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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the RAN1 #99 meeting, much progress has been made on PUSCH enhancements [1]. However, there are still some remaining issues for the design of PUSCH repetition type B, including the mechanisms for frequency hopping, handling of orphan symbols, and the impact to UCI on PUSCH. In this contribution, we discuss the above issues.
Discussion
1.1 Repetition numbers of PUSCH repetition type B
In RAN1#99, the agreement below has been made. It defines the number of bits to indicate the number of repetitions but leaves it still FFS if there should be a limit on the number of nominal repetitions in a slot. 
	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


The candidates for ”numberofrepetitions” include the agreed six values{1, 2, 4, 7, 12, 16}, but one of the further three candidates{[3], [6], [8] } needs to be removed. Among them, [3] could be a typical value for a repetition number, because for a 4-symbol PUSCH, 3 repetitions would be within one slot. Also [8] shoud be kept, because it is a legacy repetition number for Rel-15 slot aggregation. Therefore, [6] should be removed.
[bookmark: _Ref30608572]Proposal 1: [6] should be removed from candidate values for the higher layer parameter “numberofrepetitions”.
In Rel-15, the UE can report its capability for each SCS on how many unicast PUSCHs can be scheduled within a slot in TDM manner. The parameters pusch-ProcessingType1- DifferentTB-PerSlot and pusch-ProcessingType2 are used for that and the candidate numbers are 2, 4 and 7. 
For PUSCH repetition type B, however, the total number of nominal repetitions in a slot may exceed 7 in some cases. For example, when S=0, L=1 and K=16, there will be 14 one-symbol PUSCHs in one slot. This is in contradiction to the capability signaling 5-12 and 5-13 defined in 38.822 [2]. Therefore, we see the need and propose to have a limit on the number of nominal repetitions in a slot, this limit should be SCS-dependent. The UE shall not be expected to be configured with values for S, K and L that would result into more PUSCHs per slot than what is reported as the UE capability. 
Proposal 2: A limit on the number of nominal repetitions in a slot should be introduced.
· The number of nominal repetitions can for example be limited by precluding certain combinations of S, L and K.  
1.2 Frequency hopping design
In RAN1#99, it has been agreed that Inter-PUSCH repetition hopping is supported, but the details are still FFS. Additionally, whether to support intra-PUSCH repetition is also for further study.
	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



The PUSCH repetitions can be with equal length or unequal lengths depending on the positions of the UL periods, slot boundary or the SLIV(s) signaled by the DCI. When the PUSCH repetitions are with equal length, inter-slot PUSCH hopping and inter-PUSCH hopping can be supported as agreed. When the PUSCH repetitions are with unequal lengths, inter-slot PUSCH hopping and inter-PUSCH hopping can also be supported to achieve diversity gain. 
In addition, as the nominal PUSCH could be split by the slot boundary or UL/DL symbol boundary, it should be further discussed whether the hopping occurs per actual PUSCH after splitting or occurs per nominal PUSCH (i.e., the split PUSCHs are within one hop) for inter-PUSCH hopping. From our perspective, to guarantee better diversity, the hopping could occur in the unit of nominal PUSCH so that each hop can have the same length. Figure 1 shows two nominal PUSCHs signaled by the gNB, wherein the second nominal PUSCH is split into two actual PUSCHs by the slot boundary. If the hopping occurs per actual PUSCH, different hops may have unequal PUSCH lengths, and there is a risk of losing diversity gain in case a short PUSCH is in a different frequency from the other long PUSCHs as shown for Case 1 in Figure 1 below. The diversity gain can be better guaranteed when each hop has the same length as shown for Case 2.
 [image: ]
[bookmark: _Ref30510086]Figure 1 - Two inter-PUSCH hopping patterns
Considering that intra-PUSCH frequency hopping may cause additional DMRS overhead especially for the short PUSCH length, the benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain. As an alternative, the gNB can signal a relatively short PUSCH length and enable inter-PUSCH hopping to achieve a similar effect with the Rel-15 intra-slot hopping. Based on the above discussion, we make the following proposals:
[bookmark: _Ref20146517][bookmark: _Ref30608582]Proposal 3: For inter-PUSCH hopping, the hopping could occur in the unit of nominal PUSCH.
[bookmark: _Ref20146543]Proposal 4: It is not necessary to support intra-PUSCH hopping.
1.3 Handling of orphan symbols
Basically one motivation for introducing Option 4 (to allow the PUSCH crossing the slot boundary or the UL/DL symbol boundary) is to resolve the orphan symbol issue coming from Option 1 (mini-slot level repetition). Although the existence of an orphan symbol is still possible when there is only one symbol left on one side of the slot boundary or UL/DL symbol boundary and the DMRS is not configured to be FDMed with data, this will not happen frequently and can be avoided by scheduling or gNB configuration. The gNB can for example delay the start of the whole transmission or adjust K or L to avoid the occurrence of orphan symbols. In order to avoid the nominal PUSCH with 2OS length to span the slot boundary, the gNB can delay the whole transmission by 1OS, which causes negligible impact to latency.
[bookmark: _Ref20146420]Proposal 5: The orphan symbol issue can be avoided by gNB implementation, e.g. by delaying the start of the whole transmissions or by adjusting K or L.
1.4 Impact to UCI on PUSCH repetitions
PUSCH repetition type B is required to enhance the reliability of URLLC transmissions, as well as to get more UL coverage. It is possible that PUCCH with ACK/NACK collides with PUSCH repetitions type B. If we don’t allow UCI piggybacking on any PUSCH repetition, which means always dropping the UCI that collides with PUSCH repetitions type B, it would cause a significant reduction of the performance. For example, HARQ-ACK is critical for DL HARQ operation, and to always drop the eMBB HARQ-ACK would lead to lots of retransmissions, and thereby degrading the throughput greatly. Therefore, rules for UCI piggybacking on PUSCH repetition type B should be specified in R16.
In Rel-15, a timeline is defined for UCI multiplexing, including UCI piggyback on PUSCH with UL-SCH, which is:
(1) The first symbol of overlapping PUCCHs and/or PUSCH is located N1+d1,1 symbols after the end of the corresponding PDSCHs (if one PUCCH carries ACK/NACK), and 
(2) N2+ d2,1 symbols after the scheduling UL Grant (if PUCCH overlaps with one GB PUSCH). 
When a PUCCH with UCI collides with PUSCH repetition(s), whether to piggyback UCI on PUSCH depends on if the timeline conditions are satisfied between the overlapping PUSCH repetition(s) and the PUCCH carrying ACK/NACK. As shown in Figure (a), if all the PUSCH repetitions overlapped with the PUCCH satisfy the timeline condition, the UCI on PUCCH would piggyback on the first PUSCH repetition that overlaps with the PUCCH. There may be a case that the first overlapping PUSCH repetition is not satisfying the timeline conditions, while the other repetition still is satisfying it, as shown in Figure (b). It is not reasonable to be considered as an error case and to drop the UCI for good. The UCI should piggyback on the first overlapping PUSCH repetition which is satisfying the timeline conditions.
[image: ] [image: ]
(a)                                                                                                      (b)
[bookmark: _Ref32421215]Figure 2 UCI on PUCCH piggyback on one PUSCH repetition
[bookmark: _Ref19116270]Proposal 6: PUCCH with A/N should piggyback on the first PUSCH repetition that overlaps with the PUCCH and satisfies the timeline conditions.
In Rel-15, the UCI can be piggybacked on PUSCH with UL-SCH when collision happens, and the amount of UCI resources Q’ is calculated based on the ratio between the PUSCH RE number and the UL-SCH TBS. For HARQ-ACK on PUSCH for example, the number of modulation symbols [image: ] is derived according to the following equation:
[image: ],
where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of this PUSCH. 
For Rel-15 multi-slot PUSCH, because all repetitions are of equal length, Q’ has always the same value irrespectively on which repetition the UCI would be piggybacked. For Rel-16 URLLC, however, this can be different. If, due to PUSCH splitting, the PUSCH that has been used for calculating TBS has a different length compared to the PUSCH that is piggybacking the UCI, it would result into an inappropriate choice of Q’. For example if the UL-SCH TBS for determining Q’ is large, because it calculated based on a large nominal PUSCH, but the actual PUSCH that is piggybacking the UCI is a split PUSCH and has less available REs, then the Q’ would be too small. The reduced UCI resources will enforce an aggressive UCI effective coding rate, which may even exceed 0.95 and in worst case would result into a loss of the systematic bits. As shown in the example of Figure 4 below, the TBS is calculated based on the nominal PUSCH#1, which has N-fold larger resources and consequently also an N-fold larger code rate than the split PUSCH#2’. Under the same beta-offset and TBS, the effective coding rate for UCI#2 on PUSCH#2’ is N-fold larger than UCI#1 on PUSCH#1 and it may probably exceed the UCI target coding rate.
Although the gNB can configure or indicate a relatively large beta-offset value by implementation to guarantee the UCI coding rate for potentially the shortest PUSCH, it would also apply to other longer PUSCHs, for which the UL-SCH resources will shrink due to overbooked UCI resources. This in turn harms the performance of UL-SCH which could possibly carry URLLC traffic.
To balance the resources for UCI and UL-SCH and meanwhile satisfying the UCI target code rate, it is desired to determine the UCI resources amount Q’ independent from the length of the current PUSCH repetition. For example, the UCI resource calculation equation could be modified so that the number of available REs for the PUSCH, i.e.,[image: ], is based on the PUSCH used for TBS calculation, instead of the current PUSCH piggybacking the UCI. 
 [image: ]
Figure 3 - Inappropriate Q’ calculation for PUSCH repetitions with unequal length
[bookmark: _Ref23271748]Observation 1: For PUSCH repetitions with unequal lengths, the target REs for calculating UL-SCH TBS may not match with the PUSCH piggybacking the UCI, which results in inappropriate amount of UCI resources and thereby causing too aggressive UCI code rate to meet the UCI target code rate.
[bookmark: _Ref19116281]Proposal 7: For UCI piggybacked on PUSCH, modify the UCI resources Q’ calculation equation by using the RE number of the PUSCH used for TBS calculation instead of the current PUSCH piggybacking the UCI.
1.5 Application of invalid symbol pattern for configured grant with PUSCH repetition Type B
In RAN1#99 meeting, it was agreed to introduce a higher layer configured pattern to determine the invalid symbol(s) for dynamically scheduled PUSCH with repetition Type B, when dynamic SFI is configured for the serving cell. And it is still under discussion whether and how this pattern should be applied for configured grant.
Generally, there is not any problem observed to apply this pattern for configured grant. Therefore, we propose to also use this pattern for configured grant. And regarding the application of this pattern, for Type 1 configured grant, since it doesn’t rely on any DCI, it can be treated as the case when the Invalid symbol pattern indicator field is not present (i.e. bit width is zero) in the DCI for dynamic grant. In other word, as long as the invalid symbol pattern is configured by higher layer, the pattern is applied for Type 1 configured grant. And for Type 2 configured grant, following options can be considered:
· Option 1: Follow the same rule as for Type 1 configured grant, i.e., as long as the invalid symbol pattern is configured, the pattern is applied for Type 2 configured grant, irrespective of whether the Invalid symbol pattern indicator field is present or not in the activation DCI.
· Option 2: Follow the same rule defined for dynamic grant for all the Type 2 configured grant including the one right after the activation DCI.
· Option 3: For the first Type 2 configured grant right after the activation DCI, follow the same rule defined for dynamic grant; for other Type 2 configured grant except the one right after the activation DCI, follow the same rule for Type 1 configured grant.
Among the above three options, Option 3 is a bit more complex with no obvious benefit compared to the other two. And considering there is no essential different between Option 1 and Option 2, we slightly prefer Option 1 to have a unique solution for both configured grant types.
Proposal 8: For both Type 1 and Type 2 configured grant with PUSCH repetition Type B in Rel-16, when dynamic SFI is configured, 
· If the higher layer parameter invalidSymbolPattern-r16 is provided in pusch-Config, the invalid symbol pattern indicated by the parameter is applied and segmentation occurs around semi-static DL symbols and invalid symbol(s) in the pattern.
· If the higher layer parameter invalidSymbolPattern-r16 is not provided in pusch-Config, segmentation occurs only around semi-static DL symbols.
The corresponding text proposals for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.
1.6 Correction on time domain allocation for configured grant with PUSCH repetition Type B
In Subclause 6.1.2.1 in TS 38.214 v16.0.0, several formulas are specified for the determination of time domain resource of the K nominal repetitions for dynamic grant when PUSCH repetition Type B is configured. While for configured grant, it is currently stated in the endorsed CR as “For PUSCH transmissions with a Type 1 or Type 2 configured grant, the nominal repetitions and the actual repetitions are determined according to the procedures for PUSCH repetition Type B defined in Subclause 6.1.2.1”. However, since the K nominal repetitions periodically occur for configured grant, which is different from that of dynamic grant, UE actually cannot determine the time domain resource for every K nominal repetitions by simply referring to the formulas specified for dynamic grant. Therefore, we propose to also specify corresponding formulas for configured grant with PUSCH repetition Type B in the spec. Examples are as follows:
	For the n-th nominal repetition of the m-th repetition bundle, n = 0, …, K – 1, m≥0, 
· The slot where the nominal repetition starts is given by , and the starting symbol relative to the start of the slot is given by Km,s+Sm,s+n*LNsymbslot    
· The slot where the nominal repetition ends is given by , and the ending symbol relative to the start of the slot if given by 

Here,  is the slot where the m-th repetition bundle starts and is given by for Type 1 configured grant and  for Type 2 configured grant, P is the periodicity provided by higher layer parameter periodicity or periodicityExt,  is defined in Subclause 6.1.2.1, and S and L are provided by startSymbol and length of the indexed row of the resource allocation table, respectively. Sm is the starting symbol of the m-th repetition bundle relative to the slot  and is given by modS+m*P,Nsymbslot, and is the number of symbols per slot as defined in Clause 4.3.2 of [4, TS38.211].



Proposal 9: The procedure on the determination of nominal repetitions for configured grant with PUSCH repetition Type B should be clearly specified. The corresponding text proposal for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.
1.7 Correction on flexible start for configured grant with PUSCH repetition Type B
In Rel-15, for uplink transmission with a configured grant, the initial transmission of a transport block may start at any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0},except for the last transmission occasion when K=8. The reason why the initial transmission can’t start at the last transmission occasion is that the transport block can only be transmitted once in such case, thus the reliability of this transport block will decrease and gNB may miss the detection. 
In Rel-16, PUSCH repetition type B is introduced. One nominal repetition may be split into two or even more actual repetitions because of the slot boundary or invalid symbol(s). And in TS 38.214 v16.0.0, it is stated as “the initial transmission of a transport block may start at any of the transmission occasions of the actual repetitions if the configured RV sequence is {0,0,0,0}, except the actual repetitions within the last nominal repetition when K≥8.” This is reasonable as the last nominal repetition equals to the last repetition in Rel-15.
[bookmark: OLE_LINK14]Also note that in Rel-15, if the configured RV sequence is {0,3,0,3}, the initial transmission of a transport block may start at any of the transmission occasions of the actual repetitions that are associated with RV=0. But when the nominal repetition is split into several actual repetitions, for RV sequence {0,3,0,3}, RV0 will also occur within the last nominal repetition. One example is shown in Figure 4 with the last nominal repetition split into two actual repetitions. In this case, if the same rule as Rel-15 is applied, then the initial transmission of a transport block may start within the last nominal repetition, which is not aligned with the rule for the RV sequence {0,0,0,0} and will decrease the detection as well as the decoding performance of configured grant PUSCH transmission.
[image: C:\Users\x00166646\AppData\Roaming\eSpace_Desktop\UserData\x00446853\imagefiles\0FE77326-4B63-4F8A-BFDA-D8C33B1169EB.png]
Figure 4 – Illustration of the case that the last nominal repetition split into two actual repetitions
To guarantee the performance for PUSCH repetition Type B when flexible start is enabled for RV sequence {0,3,0,3}, the repetitions should also not start from the actual repetition within the last nominal repetition when K≥8 as for RV sequence {0,0,0,0}.
Proposal 10: For PUSCH transmission with a configured grant and with repetition Type B, if the higher layer parameter startingFromRV0-r16 is set to ‘on’ for RV sequence {0,3,0,3}, the initial transmission of a transport block may start at any of the transmission occasions of the actual repetitions that are associated with RV=0, except the actual repetitions within the last nominal repetition when K≥8. Corresponding text proposal for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.

Conclusion 
Based on the discussions, the observations and proposals are given as follows.
Observation 1: For PUSCH repetitions with unequal lengths, the target REs for calculating UL-SCH TBS may not match with the PUSCH piggybacking the UCI, which results in inappropriate amount of UCI resources and thereby causing too aggressive UCI code rate to meet the UCI target code rate.
Proposal 1: [6] should be removed from candidate values for the higher layer parameter “numberofrepetitions”.
Proposal 2: A limit on the number of nominal repetitions in a slot should be introduced.
· The number of nominal repetitions can for example be limited by precluding certain combinations of S, L and K.  
Proposal 3: For inter-PUSCH hopping, the hopping could occur in the unit of nominal PUSCH.
Proposal 4: It is not necessary to support intra-PUSCH hopping.
Proposal 5: The orphan symbol issue can be avoided by gNB implementation, e.g. by delaying the start of the whole transmissions or by adjusting K or L.
Proposal 6: PUCCH with A/N should piggyback on the first PUSCH repetition that overlaps with the PUCCH and satisfies the timeline conditions.
[bookmark: _GoBack]Proposal 7: For UCI piggybacked on PUSCH, modify the UCI resources Q’ calculation equation by using the RE number of the PUSCH used for TBS calculation instead of the current PUSCH piggybacking the UCI.
Proposal 8: For both Type 1 and Type 2 configured grant with PUSCH repetition Type B in Rel-16, when dynamic SFI is configured, 
· If the higher layer parameter invalidSymbolPattern-r16 is provided in pusch-Config, the invalid symbol pattern indicated by the parameter is applied and segmentation occurs around semi-static DL symbols and invalid symbol(s) in the pattern.
· If the higher layer parameter invalidSymbolPattern-r16 is not provided in pusch-Config, segmentation occurs only around semi-static DL symbols.
The corresponding text proposals for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.
Proposal 9: The procedure on the determination of nominal repetitions for configured grant with PUSCH repetition Type B should be clearly specified. The corresponding text proposal for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.
Proposal 10: For PUSCH transmission with a configured grant and with repetition Type B, if the higher layer parameter startingFromRV0-r16 is set to ‘on’ for RV sequence {0,3,0,3}, the initial transmission of a transport block may start at any of the transmission occasions of the actual repetitions that are associated with RV=0, except the actual repetitions within the last nominal repetition when K≥8. Corresponding text proposal for Subclause 6.1.2.3.2 in TS 38.214 v16.0.0 is given in the Appendix.
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Appendix: Text Proposals for Clause 6.1.2.3.2 in TS 38.214 v16.0.0
--------------------------------------- Start of Text Proposal ----------------------------------------------
< Unchanged parts are omitted >
6.1.2.3.2	Transport Block repetition for uplink transmissions of PUSCH repetition Type B with a configured grant
The procedures described in this Clause apply to PUSCH transmissions of PUSCH repetition type B with a Type 1 or Type 2 configured grant.
For PUSCH transmissions with a Type 1 or Type 2 configured grant, for the n-th nominal repetition of the m-th repetition bundle, n = 0, …, K – 1, m≥0, 
· The slot where the nominal repetition starts is given by , and the starting symbol relative to the start of the slot is given by     
· The slot where the nominal repetition ends is given by , and the ending symbol relative to the start of the slot if given by 

Here,  is the slot where the m-th repetition bundle starts and is given by for Type 1 configured grant and  for Type 2 configured grant, P is the periodicity provided by higher layer parameter periodicity or periodicityExt,  is defined in Clause 6.1.2.1, and S and L are provided by startSymbol and length of the indexed row of the resource allocation table, respectively. Sm is the starting symbol of the m-th repetition bundle relative to the slot  and is given by , and is the number of symbols per slot as defined in Clause 4.3.2 of [4, TS38.211].nominal repetitions and 
For PUSCH transmissions with a Type 1 or Type 2 configured grant, a UE determines invalid symbol(s) for PUSH repetition Type B as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol.
-	If the UE is configured with higher layer parameter SlotFormatInficator, 
-	if the UE is configured with the higher layer parameter InvalidSymbolPattern, the UE applies the invalid symbol pattern according to Clause 6.1.2.1.
For PUSCH transmissions with a Type 1 or Type 2 configured grant, tThe actual repetitions are determined according to the procedures for PUSCH repetition Type B defined in Clause 6.1.2.1. The higher layer configured parameters repK-RV defines the redundancy version pattern to be applied to the repetitions. If the parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for each actual repetition with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among all the actual repetitions (including the actual repetitions that are omitted) of the K nominal repetitions, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. If a configured grant configuration is configured with Configuredgrantconfig-SstartingfFromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the actual repetitions. Otherwise, the initial transmission of a transport block may start at 
-	the first transmission occasion of the actual repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the actual repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3}, except the actual repetitions within the last nominal repetition when K≥8.
-	any of the transmission occasions of the actual repetitions if the configured RV sequence is {0,0,0,0}, except the actual repetitions within the last nominal repetition when K≥8. 
For any RV sequence, the repetitions shall be terminated after transmitting K nominal repetitions, or at the last transmission occasion among the K nominal repetitions within the period P, or from the starting symbol of a repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K nominal repetitions larger than the time duration derived by the periodicity P. 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal --------------------------------------------
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