3GPP TSG RAN WG1 Meeting #101-e	R1-2003529
E-meeting, May 25 - June 5, 2020

Agenda Item:	7.2.5.3
Source:	Huawei, HiSilicon
Title:	Corrections on PUSCH enhancement
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the past RAN1 meetings, 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, and the impact to UCI on PUSCH. In this contribution, we discuss the remaining issues for PUSCH enhancement.
Discussion
1.1 Frequency hopping design
In RAN1#100e, it was agreed that inter-repetition FH and inter-slot FH are supported for PUSCH repetition type B. In Rel-15, as shown in section 6.3 in TS 38.214, the granularity of the starting position in each hop and the hopping offset is 1 RB. The same formula is reused for PUSCH scheduled by DCI format 0_2 with resource allocation type 1 as shown in section 6.3.2 and 6.3.1 in TS 38.214, however the indicated starting RBG and number of RBGs should be transferred to starting RB and the number of RBs, which seems not to be reflected in the current specification. Also, there could be a case that the second hop would not occupy RBGs fully, which would eliminate the benefit to align the RBG grid for resource allocation type 1 as defined in section 6.1.2.2.2. For example, assuming for a 12 RBs BWP, the configured RBG size is 4 RBs, then there would be 3 RBGs in this BWP, also assuming indicated  and , and the indicated hopping offset is 6 RBs, then frequency resource before and after hopping could be as shown in figure 1 (a) and (b) separately. We can see that the second hop is not aligned with the RBG grid. From figure (b), we can see that the alignment with the common RB grid is not maintained. 

[bookmark: _Ref37326760][image: ]Figure 1 - Frequency resource before and after FH
[bookmark: OLE_LINK1]To avoid this issue, one simple way is to use RBG as the granularity for the starting position and the hopping offset configuration. For the same example above, assuming the indicated hopping offset is 2 RBG, then frequency resource after hopping could be shown in Figure 1 (c). It is seen that the second hop is aligned with the RBG grid. 
If we use RBG as the granularity for the starting position and the hopping offset configuration, the hopping formulas in different cases could be seen in the following, where the  is number of the resource block groups defined as in 5.1.2.2.1, and the number of RBGs of each hop could be equal to   as given in section 6.1.2.2.2.
· In case of intra-slot frequency hopping, the starting RBG in each hop is given by:

· In case of inter-slot frequency hopping, the starting RBG during slot i is given by:

· In case of inter-repetition frequency hopping, the starting RBG in i-th repetition is given by:


[bookmark: _Ref37430940][bookmark: _Ref37258462]Proposal 1: Use RBG as the granularity of the starting position and hopping offset for PUSCH scheduled by DCI format 0_2 with resource allocation type 1. 

1.2 UCI multiplexing on PUSCH for PUSCH repetition Type B
[bookmark: OLE_LINK2]UCI resource determination 
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. 
A new equation for the UCI resource Q’ calculation for Rel-16 PUSCH repetition type B should be introduced for the following three reasons.
(1) Different actual repetitions may have unequal length
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’. It has been agreed in last meeting that the UCI is multiplexed on the first actual repetition. 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 2 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.
(2) The beta-offset configured to UCI resource is not applicable to all actual repetitions.
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.
(3) Resource calculation for transmit power of PUSCH with or without UCI based on nominal duration L has been agreed  in RAN1#100e, and RAN1 should follow it in terms of UCI resource calculation.
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: ]
[bookmark: _Ref36409582]Figure 2 Inappropriate Q’ calculation for PUSCH repetitions with unequal length
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: _Ref36413235]Proposal 2: 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.

1.3 Correction on time domain allocation for configured grant with PUSCH repetition Type B
In Clause 6.1.2.1 in TS 38.214 v16.1.0, some formulas are specified for the determination of the time domain resources of the K nominal repetitions for dynamic grant when PUSCH repetition Type B is configured. For configured grant it is currently stated in the spec 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 Clause 6.1.2.1”. However, since the K nominal repetitions occur periodically for configured grant, and the determination of the starting slot as well as the starting symbol for each repetition bundle is different from that for dynamic grant, the 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 further clarify how to determine the starting slot as well as the starting symbol for each repetition bundle in Clause 6.1.2.3.2 of TS 38.214 to make the time domain resource allocation clearer for configured grant with PUSCH repetition Type B.
Proposal 3: The procedure on the determination of time domain resource allocation for configured grant with PUSCH repetition Type B should be further clarified in the spec.
Considering the determination of the starting slot as well as the starting symbol for the first grant in each resource period has been specified in Clause 5.8.2 in TS 38.321, the following spec change in Clause 6.1.2.3.2 in TS 38.214 v16.1.0 could be enough:
	Text proposal for Clause 6.1.2.3.2 in TS 38.214 v16.1.0
------------------------------------------ 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, the nominal repetitions and the actual repetitions are determined according to the procedures for PUSCH repetition Type B defined in Clause 6.1.2.1, and the starting slot as well as the starting symbol for each repetition bundle are determined according Clause 5.8.2 of [10, TS 38.321]. 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 
< Unchanged parts are omitted >
--------------------------------------------- End of Text Proposal -----------------------------------------



In addition, the following agreement on how to apply the invalid symbol pattern for configured grant was achieved in the RAN1#100e meeting:
	Agreements:
· For Type 1 CG PUSCH with repetition Type B, regardless of whether dynamic SFI is configured or not, if InvalidSymbolPattern is configured, the configured pattern is applied (that is, segmentation occurs around semi-static DL symbols and invalid symbols indicated by InvalidSymbolPattern). 



We understand the above agreement has been captured in Clause 6.1.2.1 in TS 38.214 together with the cases for dynamic grant and Type 2 configured grant. However, the current statement in the spec seems not that clear to reflect the above agreement. Therefore, we propose to add some sentences in Clause 6.1.2.1 to make it clearer for Type 1 configured grant on the application of the invalid symbol pattern. 
Proposal 4: The procedure on the determination of invalid symbol(s) for Type 1 configured grant with PUSCH repetition Type B should be further clarified in the spec.
[bookmark: _GoBack]The corresponding text proposals for Clause 6.1.2.1 in TS 38.214 v16.1.0 is given as follows:
	Text proposal for Clause 6.1.2.1 in TS 38.214 v16.1.0
------------------------------------------ Start of Text Proposal -------------------------------------------
6.1.2.1	Resource allocation in time domain
< Unchanged parts are omitted >
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission scheduled by DCI format 0_1, or scheduled by DCI format 0_2, or corresponding to a configured grant 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 for PUSCH repetition Type B transmission.
< Unchanged parts are omitted >
-	if the PUSCH is scheduled by DCI format 0_1, or corresponds to a Type 2 configured grant activated by DCI format 0_1, and if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured,
-	if invalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;
-	otherwise, the UE does not apply the invalid symbol pattern;
-	if the PUSCH is scheduled by DCI format 0_2, or corresponds to a Type 2 configured grant activated by DCI format 0_2, and if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured,
-	if invalid symbol pattern indicator field is set 1, the UE applies the invalid symbol pattern;
-	otherwise, the UE does not apply the invalid symbol pattern;
-	otherwise, the UE applies the invalid symbol pattern.
< Unchanged parts are omitted >
------------------------------------------- End of Text Proposal -------------------------------------------



1.4 A-CSI/SP-CSI on PUSCH with repetitions
A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH
The following options have been listed in the FL’s summary [3]:
A-CSI/SP-CSI is transmitted on the first actual repetition, and other actual repetitions are discarded. Down-select among the following:
· Option A: there is no scheduling restriction.
· Option B: UE is not expected to be indicated with numberofrepetitions >1.
· Option C: The first nominal repetition is not expected to be segmented into multiple actual repetitions.
Regarding option A, option B and option C, since anyway other actual repetitions are discarded, it is not meaningful to allow numberofrepetitions >1. So we slightly prefer option B. As long as it is clarified that other actual repetitions are discarded, there seems no big difference regarding option A, option B or option C.
Proposal 5: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition and other actual repetitions are discarded. UE is not expected to be indicated with numberofrepetitions >1.
For A-CSI on PUSCH with repetition Type B with UL-SCH
As agreed in last meeting that in case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only first actual repetition, we think that the same method should be used for A-CSI, which means A-CSI is transmitted on the first actual repetition. Similar as the without UL-SCH case, there is no need to repeat on more than 1 repetition. As to the case that segmentation is performed for the first nominal repetition, our current thinking is that it might be possible for the gNB to ensure that there are sufficient resources for the CSI on the first actual repetition.
Proposal 6: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
1.5 Transmit power for PUSCH repetition Type B
In the RAN1#100-e meeting, it was agreed that the PUSCH transmit power is determined based on nominal repetition duration. And in RAN1#100bis-e meeting, it was agreed that the power control adjustment is based on the nominal transmission duration and the DMRS/PTRS overhead for each nominal repetition is used for the power control calculation. But for PHR calculation, the types of UE power headroom reports including a Type 1 UE power headroom [image: ] that is valid for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], and a Type 3 UE power headroom[image: ] that is valid for SRS transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ]. Since it was agreed to calculate the power control based on the nominal transmission duration, it makes sense that the power control adjustment and PHR calculation also are based on the nominal transmission duration. 
Proposal 7：PHR calculation is based on nominal transmission duration.

Conclusion 
Based on the discussions, the observations and proposals are given as follows.
Proposal 1: Use RBG as the granularity of the starting position and hopping offset for PUSCH scheduled by DCI format 0_2 with resource allocation type 1. 
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 2: 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 3: The procedure on the determination of time domain resource allocation for configured grant with PUSCH repetition Type B should be further clarified in the spec.
Proposal 4: The procedure on the determination of invalid symbol(s) for Type 1 configured grant with PUSCH repetition Type B should be further clarified in the spec.
Proposal 5: For A-CSI/SP-CSI on PUSCH with repetition Type B without UL-SCH, A-CSI/SP-CSI is transmitted on the first actual repetition and other actual repetitions are discarded. UE is not expected to be indicated with numberofrepetitions >1.
Proposal 6: For A-CSI on PUSCH with repetition Type B with UL-SCH, A-CSI is transmitted on the first actual repetition.
Proposal 7：PHR calculation is based on nominal transmission duration.
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