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1	Introduction

In RAN1 #101 e-Meeting, maintenance works on Rel-16 PDCCH enhancement for NR URLLC continued. Most of the main issues were addressed in three different email discussions with the outcomes as summarized in [1]. In this contribution, we discuss the remaining open issues. Text proposals are also provided for the corresponding specifications.
[bookmark: _Ref178064866]2	Discussion
2.1	DCI size alignment procedure

In RAN1 #101e, the discussion on whether to support some zero padding for the DCI when DCI formats are configured with same size was settled with the following agreement made.
Agreement
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  
It should be noted that the discussions leading to the agreement only consider the case when DCI formats 0_0 and 0_2 are of the same size or when DCI formats 0_1 and 0_2 are of the same size, and similarly, when DCI formats 1_0 and 1_2 are of the same size or when DCI formats 1_1 and 1_2 are of the same size. In other words, it only deals with the case of same size among UL DCIs, or among DL DCIs, separately. It does not imply that DCI sizes need to be different for any different DCI formats. Note that DL and UL DCI with same size can already be distinguished by the field ‘Identifier for DCI formats’.

[bookmark: _Toc47736848]RAN1#101e agreement on DCI size alignment does not cover the cases where DL and UL DCI are of the same size as they can already be distinguished by the field ‘Identifier for DCI formats’.

Moreover, it should be noted that the agreement states that a UE does not expect to monitor PDCCH candidates with same DCI size only when the PDCCH candidates of corresponding DCI formats are mapped to the same resource. This condition has an implication on gNB implementation and configuration flexibility. For example, if the CORESET and search space configurations do not lead to any PDCCH candidates of different DCI formats having the same CCE mapping, it is not necessary that the sizes of those DCI formats need to be different. This part of the agreement should also be capture in the specification. 

[bookmark: _Toc47736849]RAN1#101e agreement covers the cases where a UE is not expected to monitor DCI formats with same size only when the PDCCH candidates of corresponding DCI formats are mapped to the same resource.

Since the agreement above has not been completely captured into the specification, we propose the following TP to capture it.
[bookmark: _Toc32612989][bookmark: _Toc37452515][bookmark: _Toc47736855]The following TP is adopted for the Rel-16 DCI size alignment procedure. 

	
---------------------------- Text Proposal for 38.212 Section 7.3.1.0. --------------------------------------------
7.3.1.0            DCI size alignment
*** Unchanged text is omitted ***
The UE is not expected to handle a configuration that, after applying the above steps, results in
-    the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-    the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-    the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-    the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-    the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 0_0 and 0_2 are mapped to the same resource; or
-    the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 1_0 and 1_2 are mapped to the same resource; or
-    the size of DCI format 0_1 in a UE-specific search space is equal to DCI format 0_2 in the same or another UE-specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 0_1 and 0_2 are mapped to the same resource; or
-    the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 1_2 in the same or another UE-specific search space when at least one pair of the corresponding PDCCH candidates of DCI formats 1_1 and 1_2 are mapped to the same resource.
----------------------------------------------End of proposed TP ----------------------------------------------------



2.2	Redundancy version field in DCI format 0_2
Another remaining issue for DCI format 0_2 is on RV field in case of a single-bit RV field whether to change the candidate RV values from {0, 3} to {0, 2}.
This issue has been discussed in NR-U, where in some cases a single bit is used to indicate the RV to be applied to a PUSCH transmission. It has been agreed that the bit indicates either RV 0 or RV 2 as can be seen in the following excerpt from 38.212 with highlighting added for emphasis.
	38.212 V16.1.0 Section 7.3.1.1.2
...
Redundancy version – – number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1;
-	otherwise 2, 3, 4, 5, 6, 7 or 8 bits determined by the maximum number of schedulable PUSCHs among all entries in the higher layer parameter pusch-TimeDomainAllocationList-r16, where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
…
Table 7.3.1.1.2-34: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	0
	0

	1
	2






[bookmark: _Toc37422107][bookmark: _Toc37452503][bookmark: _Toc47736850]In NR-U, when only one bit is used to signal RV in DCI for PUSCH, it indicates either RV 0 or RV 2.

[bookmark: _Hlk37422487]During the discussion leading to the RRC parameter conclusion in [2], it was noted (copied below) that it is straightforward to combine existing agreements on configurable RV field for DL DCI format 1_2 and RV indication by DCI for the first PUSCH repetition.  However, this note is misleading and does not take into account the difference between PDSCH and PUSCH scheduling. The note cannot be used to conclude on the RV field for DCI format 0_2. 
	Note: There is no explicit agreement for DCI format 0_2, but according to the agreement below for PUSCH and agreement for DCI format 1_2, this RRC parameter is straightforward to be included.
Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
• If 0 bit is configured, RV0 is used. 
• If 1 bit is configured, RV0 and RV3 are indicated dynamically 
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}.
• “repetition” means actual repetition 



For DCI format 1_2 scheduling PDSCH, if only one bit is signalled, the redundancy version to be applied is either 0 or 3. This is a reasonable choice for PDSCH since both RV 0 and 3 are self-decodable for high code rate, and error cases exist where the gNB cannot tell whether the UE received the first transmission and stored the corresponding soft values or not. This is not the case for PUSCH. If the UE does not transmit the PUSCH correctly due to a missed grant, it is possible for the gNB to detect this, e.g. by looking at the noise level estimate based on DMRS. In this case the gNB can schedule the retransmission using RV 0 (basically treating it as the first transmission), which gives better performance than using RV 3 for a first transmission. On the other hand, if the first PUSCH transmission is transmitted correctly, but not decoded at the gNB due to a noisy transmission, the gNB would like to schedule the retransmission using RV 2, and soft combine with the first transmission. This gives better performance than using RV 3, as can be seen in [3] where Figure 1 appears. For this case, LDPC base graph (BG) #1 is used for information block size of K=1056 bits, and two consecutive transmissions are soft combined before decoding. As can be observed from Figure 1, for medium to high code rates above 2/3 (=0.67), the difference between using RV 3 and RV 2 for the second transmission is more than 1.5 dB over an AWGN channel.
[image: ]
[bookmark: _Ref37346154]Figure 1 Required SNR for decoding after two transmissions for different RV orders for BG1. K is the TBS including CRC bits.

Dynamically scheduled PUSCH is a case where there is no ambiguity about whether transmission occurred, or which instance of a transmission occurred. Self-decodability is not important for an individual retransmission. Hence the gNB should be able to schedule for best performance, i.e. it should be able to signal RV 2.
[bookmark: _Toc32612974][bookmark: _Toc37452504][bookmark: _Toc47736851]For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
During the email discussion in RAN1 #101e [4], different proposals were discussed. There are strong supports from companies to change RV candidate set to {0,2} for DCI format 0_2 in case of 1-bit RV field based on the better overall performance. There is also a proposal to change to {0,2} for DL DCI format 1_2 as well. And lastly there is a proposal to introduce a new RRC parameter to configure between {0,2} and {0,3} where it was argued that {0, 3} can be beneficial for some repetition case.
First, we note that there is no significant performance difference between {0,2} and {0,3} for the case of PUSCH repetition case.
· The number of repetitions can be dynamically indicated. If we use 4 repetitions, then RVs are cycled through the whole sequence and there would not be any performance difference between the two RV candidate sets. 
· When repetition is used to increase reliability, the initial code rate is likely to be small, and the repetitions are used to lower it further. In this case, there is little difference between the two RV candidate sets.
The only case where {0,3} may be better than {0,2} is when the number of repetitions is 2 and the code rate of each repetition is high. However, this case should be seen as a corner case and is not a typical scheduling case as it is more likely to use a single repetition with lower code rate, because repetition with high code rate is inferior to single transmission with low code rate.
Therefore, considering the overall performance including the repetition case, the RV candidate set {0,2} is much better than {0,3}.

[bookmark: _Toc47736852]For dynamically scheduled PUSCH, considering the overall performance including repetition case, the RV candidate set {0,2} is much better than {0,3}.

Regarding DL transmission, there can be issues of mis-detection of PDCCH and loss of HARQ-ACK for PDSCH. If HARQ-ACK is transmitted together with other HARQ-ACK bits by a Type-1 HARQ-ACK codebook, gNB would not be able to distinguish between the case of missed PDCCH and the case of correct PDCCH but failed PDSCH decoding. The same holds also for Type-2 HARQ-ACK codebook where the UE will insert a 0 bit for a missed PDCCH that the UE can infer due to DAI. The gNB is not able to distinguish a 0 due to failed decoding or an inserted 0 due to PDCCH mis-detection. Since {0,3} provides better robustness than {0,2}, we do not see a strong need to change the RV candidates for DL DCI.

[bookmark: _Toc47736853]For PDSCH, there is no strong need to change RV candidates from {0,3} as there exists the issue of mis-detection of PDCCH and loss of HARQ-ACK for PDSCH where {0,3} can provide good robustness. 

Regarding a new RRC parameter to configure between {0, 3} and {0, 2}, we don’t see any justification for it. As discussed above, the overall performance from {0, 2} is much better than {0, 3}. The only exception might be for the case of 2 repetitions with high code rate which is a corner case. In fact, since PUSCH repetition can be dynamically indicated and the number of repetitions can change dynamically, there would be no benefit from RRC configuration the choice of RV candidates in order to optimize the performance based on repetition. 

[bookmark: _Toc47736854]There is no benefit from RRC configuring the choice of RV candidates in order to optimize the performance based on repetition since the number of repetitions can change dynamically.

Based on the analysis above, we propose that the RV candidates is {0, 2} when only one bit is used to signal RV in DCI format 0_2. This is motivated from performance reasons as well as to align with the agreement made for NR-U on a similar issue. The text proposal for TS 38.212 is provided below.

[bookmark: _Toc37422111][bookmark: _Toc37452527][bookmark: _Toc47736856]When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2.

	[bookmark: _Hlk37351487]--------------------------- Text Proposal for 38.212 Section 7.3.1.1.3 ---------------------------------------------
*** Unchanged text is omitted ***
- Redundancy version – 0, 1 or 2 bits determined by higher layer parameter NumberofbitsforRV-ForDCIFormat0_2
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1 7.3.1.1.2-34;
-	2 bits according to Table 7.3.1.1.1-2. 
*** Unchanged text is omitted ***
----------------------------------------------End of proposed TP ----------------------------------------------------


 

2.3	Rel-16 PDCCH monitoring capability for the CA case
2.3.1	Scaling of Rel-16 PDCCH monitoring capability for the CA case
In RAN1 #101-e, the following TP in R1-2005117 was endorsed for the editor’s CR on TS 38.213 for the CA scaling for the “aligned spans” case.
	---------------------------------Start of Text Proposal on TS 38.213, draft CR R1-2003176-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 

<Unchanged parts are omitted>
If a UE is configured only with  downlink cells using Rel-16 PDCCH monitoring capability, and with  of the  downlink cells using combination  for PDCCH monitoring, and having active DL BWPs using SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of span(s) on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every X symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of overlapping spans are within Y symbols, where the first X symbols begins at the first symbol with PDCCH monitoring occasion and the next X symbols begins at the first symbol with PDCCH monitoring occasion not included in the previous X symbols, 
-	TBD, otherwise 
where  is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration . If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability,  is replaced by .
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213, draft CR R1-2003176------------------



[bookmark: _GoBack]

However, not all the details are captured in the specification. For completeness, we propose the following TP.

[bookmark: _Toc47736857]The following TP is adopted to completely capture the agreement from RAN1 #101_e for the CA scaling for the “aligned spans” case.


	------------------------------ Text Proposal for 38.213, Section 10.1 --------------------------------------
*** Unchanged text is omitted ***
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every X symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
*** Unchanged text is omitted ***
----------------------------------------------End of proposed TP ----------------------------------------------------





Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1#101e agreement on DCI size alignment does not cover the cases where DL and UL DCI are of the same size as they can already be distinguished by the field ‘Identifier for DCI formats’.
Observation 2	RAN1#101e agreement covers the cases where a UE is not expected to monitor DCI formats with same size only when the PDCCH candidates of corresponding DCI formats are mapped to the same resource.
Observation 3	In NR-U, when only one bit is used to signal RV in DCI for PUSCH, it indicates either RV 0 or RV 2.
Observation 4	For dynamically scheduled PUSCH, there is no ambiguity at the gNB whether the first transmission occurred or not, and RV should be chosen to maximize performance.
Observation 5	For dynamically scheduled PUSCH, considering the overall performance including repetition case, the RV candidate set {0,2} is much better than {0,3}.
Observation 6	For PDSCH, there is no strong need to change RV candidates from {0,3} as there exists the issue of mis-detection of PDCCH and loss of HARQ-ACK for PDSCH where {0,3} can provide good robustness.
Observation 7	There is no benefit from RRC configuring the choice of RV candidates in order to optimize the performance based on repetition since the number of repetitions can change dynamically.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The following TP is adopted for the Rel-16 DCI size alignment procedure.
Proposal 2	When only one bit is used to signal RV in DCI format 0_2, it indicates either RV 0 or RV 2.
Proposal 3	The following TP is adopted to completely capture the agreement from RAN1 #101_e for the CA scaling for the “aligned spans” case.
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