


[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #101-e	                                                                          R1-2004445
May 25th – June 5th, 2020


Agenda Item:	7.2.2.2.3
Source: 		Qualcomm Incorporated
Title:		TP for Enhancements to Scheduling and HARQ operation for NR-U                                
Document for: 	Discussion/Decision

Introduction 
This paper lists TPs for a few issues identified for agenda item “Scheduling and HARQ operation for NR-U”.
Type 3 HARQ-Ack Codebook
One of the remaining issues for Type-3 HARQ-Ack codebook is HARQ-Ack feedback for SPS release. In type-2 HARQ-Ack codebook case, the feedback for SPS release is based on the DAI in the DCI. In type-1 HARQ-Ack codebook case, the location of the corresponding SPS PDSCH in the codebook is used for SPS release acknowledgment. On the other hand, Type-3 HARQ-Ack codebook construction is based on the HARQ processes in the configured CCs. 
The most straightforward way to enable reporting HARQ-Ack corresponding to a SPS release in a type-3 HARQ-Ack codebook is to always append one bit to end of the codebook. If UE has received a SPS release DCI pointing to the reporting instance, the UE reports Ack; otherwise, the UE reports Nack. This solution is robust against missing DCIs, and the overhead in HARQ-Ack is negligible compared to the overall Type-3 HARQ-Ack codebook. In addition, a DCI that releases SPS should not indicate non-numeric K1. This is to avoid ambiguity about timing as well as to minimize the specification impact.
Proposal 1. If UE is configured with a SPS configuration, one bit is appended to the end of Type-3 HARQ-Ack codebook. If UE detects a DCI format releasing an SPS configuration and indicates the slot in which the Type-3 HARQ-Ack is reported, the bit is set to Ack; otherwise, the bit is set to Nack.
· UE does not expect NN-K1 in a SPS release DCI.
The following two TPs address issue 1. 
============TP for 38.213 Section 9.1.3.3====================================
--Unchanged part omitted------------------------
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
while 
--Unchanged part omitted------------------------
 
end while
 
 
end while
if UE is provided with sps-Config or sps-ConfigList-r16
if UE has detected a DCI format corresponding to a valid release of DL SPS as described in Clause 10.2, and the DCI format indicates the slot in which the Type-3 HARQ-Ack is reported
	[image: ]=ACK
else
	[image: ]=NACK
end if
end if
--Unchanged part omitted------------------------


============TP for 38.213 Section 10.2====================================
A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL grant Type 2 PDCCH if
-	the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
-	the new data indicator field in the DCI format for the enabled transport block is set to '0', and
-	the DFI flag field, if present, in the DCI format is set to '0', and
-	if validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field, in the DCI format is if present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dl-DataToUL-ACK. 
If a UE is provided a single configuration for UL grant Type 2 PUSCH or for SPS PDSCH, validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-1 or Table 10.2-2. 
--Unchanged part omitted------------------------


Enhanced Dynamic Codebook
For type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission, the following issues are identified: 
Issue 1: The formula for determining  for power control in the case of [image: ]in Section 9.1.3.1 is not directly applicable to the case of enhanced dynamic codebook since the codebook may consists of first and second HARQ-Ack information with separate DAI counting processes. The extension is straightforward (calculation should be per group) except that the value of  for group  should be based on  rather than the value in the last DCI corresponding to group  as the last total DAI for the group should be considered. The following TP addresses issue 1.     
============TP for 38.213 Section 9.1.3.3====================================
--Unchanged part omitted------------------------
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif 
if g = 1
append the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH transmission occasion 
else
append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
end if
end if
The UE appends the HARQ-ACK information corresponding to SPS PDSCH receptions, if any, as described in Clause 9.1.3.1, after the first and second, if any, HARQ-ACK information.
If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [image: ] serving cells, or for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH reception, or for SPS PDSCH release, and if [image: ], and if the UE includes both first and second HARQ-ACK information for multiplexing in the PUCCH, the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 
	
where 
·  and  are defined in Clause 9.1.3.1.
·  and  are defined in Clause 9.1.3.1 except that the numbers are counted each PDSCH group index  separately.
·  is defined in Clause 9.1.3.1 except that it is determined for each PDSCH group index  separately. If  and for , .

If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as 
--Unchanged part omitted------------------------


Issue 2: In the case of two sub-codebooks (i.e. TB-based and CBG-based), the DAI counting is independent across the two sub-codebooks. However, the text in Section 9.1.3.3 mentions “if , after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, set  for both sub-codebooks, if any.” It is not clear how a value of total DAI for the other group can be used for two separate sub-codebooks with different DAI counting processes. This increases the HARQ-Ack overhead as the gNB has to select the larger total DAI value among the two sub-codebooks for the non-scheduled group. Furthermore, there is no agreement to support this choice. In fact, it is not aligned with Rel. 15 design, where the two sub-codebooks are generated separately. In order to address this issue, the procedures described in Section 9.1.1.3 should be done separately for the two sub-codebooks, similar to the description of CBG-based sub-codebook of Rel. 15 in Section 9.1.3.1. 
In the last meeting, different options were discussed. The options are summarized below:
· Option 1: tDAI for group (g+1)mod2 indicated in a DCI scheduling group g applies to both sub-codebooks of group (g+1)mod2. 
· In addition, clarify that when no DCI corresponding to a sub-codebook of group (g+1)mod2 is detected, whether that sub-codebook (consisting of all Nacks) is reported in h(g) or not.
· Alt1: When no DCI corresponding to a sub-codebook of group (g+1)mod2 is detected, feedback for that sub-codebook is not included.
· Alt2: When feedback for group (g+1)mod2 is requested, both sub-codebooks of group (g+1)mod2 are reported
· Option 2: tDAI for group (g+1)mod2 is indicated for each sub-codebook separately in a DCI that schedules group g. 
· In addition, tDAI for the other sub-codebook of group g is indicated in a DCI scheduling group g. 
· Furthermore, determine the conditions under which a sub-codebook for group g or (g+1)mod2 is reported when no DCI is detected for the corresponding sub-codebook and group.
· Alt1: Two additional request fields are added to indicate whether the feedback for the other sub-codebook for each group is requested or not.
· Alt2: tDAI=4 is reserved to indicate that feedback for the corresponding sub-codebook is not requested when no corresponding DCI for that sub-codebook is detected (similar to UL total DAI rule).
· Option 3: Codebook generation for the each sub-codebooks (whether they belong to group g or group (g+1)mode2) is done independently similar to Rel. 15.
Option 1 results in unnecessary HARQ-Ack payload overhead and is not as robust as Option 2 against missing DCIs (e.g. in the case of Alt1 of option 1). Option 2 is more robust against missing DCIs, but it has significantly more DCI overhead (up to 6 more bits), and has the largest specification impact. Option 3 is not as robust as option 2 against missing DCIs, but it just follows Rel. 15 principle with the same reliability level. In addition, option 3 has the smallest HARQ-Ack payload overhead, DCI overhead, and specification impact. Hence, we propose to adopt option 3 based on the following TP.
============TP for 38.213 Section 9.1.3.3====================================
--Unchanged part omitted------------------------
If  or , generate second HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, where
-	the second HARQ-ACK information corresponds to detections of DCI formats each providing a same value of , of  and to detections of DCI formats that do not provide a value of , of , but are associated with a same value of , of ,
-	at least one of the DCI formats provides a  value
-	 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value of  or that is associated with a value of , that is the first PDCCH monitoring occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides a value different than 
-	the PUCCH transmission occasion  is a last one for multiplexing second HARQ-ACK information and it is not after PUCCH transmission occasion 
-	if , after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, set  for both sub-codebooks, if any.
If  and , generate second HARQ-ACK information as described in Clause 9.1.3.1 by setting  and, after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting .
The generation of the second HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif 
if g = 1
appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH transmission occasion 
else
append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
end if
end if
The UE appends the HARQ-ACK information corresponding to SPS PDSCH receptions, if any, as described in Clause 9.1.3.1, after the first and second, if any, HARQ-ACK information.
If a UE is provided PDSCH-CodeBlockGroupTransmission for at least one serving cell, the procedures described in this Clause are applied separately for the first sub-codebook and the second sub-codebook, where the second sub-codebook is the CBG-based sub-codebook as described in Clause 9.1.3.1.
If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as 
--Unchanged part omitted------------------------


Out-of-Order issue for Non-Numeric K1
Out-of-order operation for PDSCH to HARQ-Ack is not allowed in Rel. 15 and Rel. 16 in a given CC (except for Rel. 16 multi-DCI based multi-TRP). This restriction in 38.214 is copied below, and is to ensure that UE’s pipelining is not impacted for processing PDSCH and preparing corresponding HARQ-Ack.
“In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.”
However, non-numeric K1 may result in out-of-order operation. This can happen when a first DCI that indicates non-numeric K1 is detected but a second DCI that indicates a numeric K1 (and was supposed to indicate the timing for HARQ-Ack for the PDSCH scheduled by the first DCI) is missed. 
One example of such a case is shown in Figure 1. In this example, first DCI schedules PDSCH1 with non-numeric K1 while the second DCI that was supposed to indicate the timing for HARQ-Ack of both PDSCH1 and PDSCH2 (for transmission in PUCCH1) is missed. The third DCI schedules PDSCH3 and the UE thinks that the timing for HARQ-Ack of PDSCH1 is indicated by the third DCI, and hence, multiplexes HARQ-Ack for both PDSCH1 and PDSCH3 in PUCCH2. In the meantime, HARQ-Ack for the SPS PDSCH is transmitted in PUCCH1. This results in PDSCH1 to PUCCH2 to be out-of-order with respect to SPS PDSCH to PUCCH1, which is a situation that cannot be handled by the UE. Note that this is in addition to HARQ-Ack codebook size mismatch that is created in both PUCCH1 as well as PUCCH2.
 [image: ]
[bookmark: _Ref39930219]Figure 1: Out-of-order issue in the case of non-numeric K1.
This is because the condition below never kicks in as the second DCI can occur at any time:
“-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission.”
One solution to address the out-of-order issue above as well as HARQ-Ack codebook size mismatch (at least for PUCCH2) is that if there is a PUCCH with HARQ-Ack that satisfies the UE PDSCH processing time for PDSCH1 (i.e. PUCCH1 in the example above) and UE has not detected the second DCI yet, UE assumes that the second DCI is missed, and transmit the HARQ-Ack for PDSCH1 in that PUCCH.
Proposal 2. HARQ-Ack for a PDSCH that is scheduled with a non-numeric K1 is multiplexed in the next PUCCH that carries HARQ-Ack and satisfies the UE PDSCH processing timeline for the PDSCH if UE has not detected the second DCI with numeric-K1 that points to an slot earlier than the PUCCH slot.

============TP for 38.213 Section 9.1.3====================================
--Unchanged part omitted------------------------
If a UE receives a first PDSCH scheduled by a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in Clause 9.1.3.3 
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in Clause 9.1.4.
[bookmark: _Hlk39934447]-	if there is a PUCCH or PUSCH transmission in a slot that carries HARQ-Ack and satisfies timing conditions in Clause 9.2.5, and the second DCI has not been detected that points to an earlier slot for HARQ-Ack transmission, the UE multiplexes the HARQ-ACK information for the first PDSCH in the PUCCH or PUSCH transmission in the slot. otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 
--Unchanged part omitted------------------------
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