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1. Introduction
In this contribution, remaining details on following aspects are discussed.
· DAI on UL grant for HARQ-ACK on PUSCH
· UCI mapping pattern on PUSCH
· Beta-offset selection for HARQ-ACK and for CSI
[bookmark: _GoBack]Related discussion is found in [1].
2. UCI piggyback on PUSCH
2.1. DAI on UL grant for HARQ-ACK on PUSCH
At the RAN1#90bis meeting, following agreements have been made:
	Agreements:
· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 
· FFS details of DAI mechanism 
· FFS: how to enhance DAI mechanism to support CBG based transmission



In case where HARQ-ACK rate-matches UL data, depending on whether the UE correctly detects or misses DL assignment, UL data rate-matching pattern is different. In order to avoid the case where gNB is required to blindly decode the UL data with multiple rate-matching patterns, DAI in the UL grant is highly essential. As described in [1], in case of dynamic HARQ-ACK codebook determination, we consider that counter DAI should be present in the DL assignment, and in addition to that, total DAI should be configurable. When the total DAI is present in the DL assignment, DAI in the UL grant is not necessary; total number of HARQ-ACK bits for HARQ-ACK piggyback on PUSCH can be based on the total DAI in the DL assignment. Besides, unless maximum total number of HARQ-ACK bits exceeds 2, UL data rate-matching is not carried out by the HARQ-ACK; hence, DAI in the UL grant is not necessary also in this case. Even for the case where UL DAI is necessary, the number of UL DAI bits to be present depends on whether/how CBG-based (re)transmission is configured. Therefore, for UL grant in the UE-specific search space (i.e., for non-fallback DCI), whether/how many UL DAI bits(s) is/are present should be configurable by UE-specific RRC signaling. For UL grant in the common search space (i.e., for fallback DCI), whether the UL DAI is present should be configurable by UE-common RRC signaling (i.e., RMSI).
As for detailed DAI mechanism, LTE mechanism can simply be re-used; total number of HARQ-ACK bits is indicated by the UL DAI field in the UL grant scheduling a PUSCH. It was agreed that DL assignment whose HARQ-ACK is multiplexed on a PUSCH is not later than UL grant for the PUSCH. Therefore, as in LTE, UL DAI in the UL grant can indicate the number of HARQ-ACK bits correctly.
For CBG-based (re)transmission, the number of UL DAI bits should be increased according to the number of configured CBGs per TB [1].
Proposal 1:
· 0 or 2 bits UL DAI field in fallback DCI transmitted in common search space is configured by UE-common RRC signaling (i.e., RMSI or OSI).
· If not present, HARQ-ACK on a PUSCH scheduled by UL grant in the common search space does not exceed 2 bits.
· 0 or 2 or X bits UL DAI field in UL grant for UE-specific search space is configured by UE-specific RRC signaling.
· If not present, HARQ-ACK on a PUSCH scheduled by UL grant in the UE-specific search space does not exceed 2 bits.
· The value of X depends on the maximum number of CBGs per TB across all the CCs.
· UL DAI usage is same as in LTE.
· Total number of HARQ-ACK bits in the PUSCH is indicated by the UL DAI field.

2.2. UCI mapping pattern on PUSCH
Here we focus on HARQ-ACK as the initial step of UCI on PUSCH. Following agreements have been achieved:
	Agreements:
· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 
· Details FFS
Agreements:
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 
· HARQ-ACK avoids puncturing PT-RS.
· Down select to one from the following two alternatives
· MAP HARQ-ACK to REs around DMRS symbol(s)
· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.



Details on HARQ-ACK mapping pattern is still FFS. According to the simulation results (see appendix A), mapping HARQ-ACK around DMRS symbol(s) never be worse than mapping HARQ-ACK to as many symbols as possible. On the other hand, mapping HARQ-ACK to as many symbols as possible results in performance degradation in case of high Doppler with less DMRS. Therefore, our preference is to map HARQ-ACK around DMRS symbol(s).
In frequency-domain, HARQ-ACK mapping pattern should take into account RA Type. For Type 1 (RIV-based) RA, two patterns can be considered:
· Pattern 1: HARQ-ACK REs are distributed over RBs where the distance between two HARQ-ACK REs (or HARQ-ACK RE groups) are fixed irrespective of the scheduled RBs for the PUSCH
· Pattern 2: HARQ-ACK REs are distributed over RBs where the distance between two HARQ-ACK REs (or HARQ-ACK RE groups) are scaled according to the scheduled RBs for the PUSCH
Following figures show examples of pattern 1 and pattern 2. Note that the amount of HARQ-ACK REs depends on MCS/TBS of the UL data in the PUSCH, beta-offset value configured by higher-layer and/or indicated by L1 signalling, etc. Besides, when additional DMRS is present or when intra-slot frequency-hopping is applied, then the HARQ-ACK should be mapped to the additional DMRS on both hops accordingly. 
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(a) Pattern 1
[image: ]
(b) Pattern 2
Fig.1	HARQ-ACK mapping on PUSCH when RA Type 1.

For Type 0 (RBG-based) RA, it is beneficial to map HARQ-ACK REs such that they are distributed over as many RBGs as possible. If/when subband-based/frequency-selective precoding is applied, HARQ-ACK mapping should take into account the subband size/precoder granularity. Taking into account the commonality between RA Type 0 and Type 1, and the alignment between HARQ-ACK mapping pattern and RBG/precoding granularity, our slight preference is to design HARQ-ACK mapping such as pattern 1.
In case of multiple layers (i.e., UL-MIMO), according to the NR agreements so far, UL data is always single TB and MIMO is up to four layers. Therefore, it does not need to take into account different MCS/TBS across layers. Simply, following two options can be considered. The final decision can be made once performance evaluation is done.
Option 1: HARQ-ACK is mapped assuming one layer, then the HARQ-ACK is copied across multiple layers.
Option 2: HARQ-ACK is mapped across multiple layers, frequency, and time.
Proposal 2:
· HARQ-ACK mapping pattern should take into account RA Type 0 and Type 1, RBG/precoding granularity, etc.
· Mapping pattern should be fixed irrespective of how many RBs are scheduled.
· In case of UL-MIMO, one of the following options is selected.
· Opt.1: HARQ-ACK is mapped assuming one layer, then it is copied across multiple layers.
· Opt.2: HARQ-ACK is mapped across multiple layers, frequency, and time.
· FFS: how many layers the HARQ-ACK should be mapped (whether it is same as that for data or less than that for data).
Once HARQ-ACK mapping is clear, then it can be extended to CSI mapping pattern.

2.3. Beta-offset selection for HARQ-ACK and for CSI
After RAN1#90bis, following agreements have been achieved:
	Agreements:
         Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.
         Three values are corresponding to the following cases:
o    The number of HARQ-ACK bits OACK≤2
o    The number of HARQ-ACK bits falls into [ 3]≤OACK≤[11] 
o    The number of HARQ-ACK bits OACK>[11] 
Agreements:
         Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH. 
         Four values are corresponding to the following cases:
o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
o    Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)
Agreements:
Semi-static Beta_offset indication is always applied with fallback DCI for UL assignment. 
        The Beta_offset values with semi-static Beta_offset indication could be different from with dynamic Beta_offset indication. 
Agreements:
Semi-static Beta-offset indication is the default configuration for non-fall back DCI for UL assignment.
         The same sets of Beta_offset with fallback DCI are reused for HARQ-ACK and CSI respectively. 
Agreements:
If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively.  
        FFS: how to select one out of 4 sets of Beta_offset values
o   Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values
o   Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH. 
Agreements:
        One table of Beta_offset values is used for HARQ-ACK in NR. Another table of Beta_offset values is used for both CSI part 1 and CSI part 2 in NR. Both tables contain 32 entries. 
        For the table of Beta_offset values for HARQ-ACK in NR, reuse the 16 entries from table 8.6.3-1 in 36.213. Other unused entries in this table are marked as reserved.
        For the table of Beta_offset values for both CSI part 1 and CSI part 2 in NR, reuse the 16 entries from table 8.6.3-3 in 36.213. Add the values 8, 10, 12.625, 15.875 and 20 to this table. Other unused entries in this table are marked as reserved.



For dynamic Beta_offset selection for non-fallback DCI for UL assignment, dedicated field in UL grant should not be supported. Beta_offset is used for calculating the number of REs for HARQ-ACK and CSI only if/when HARQ-ACK or CSI is mapped on the PUSCH. Therefore, dedicated field to indicate Beta_offset is just a redundant field for many cases. Either joint indication of a set of Beta_offset values with other configuration(s), or implicit determination, is preferable. 
Proposal 3:
· No dedicated DCI field is used for dynamic Beta_offset selection.
· Consider joint indication for a set of Beta_offset values and the other information. 

3. Conclusion
In this contribution, we discussed UCI multiplexing on PUSCH and proposed following:
Proposal 1:
· 0 or 2 bits UL DAI field in fallback DCI transmitted in common search space is configured by UE-common RRC signaling (i.e., RMSI or OSI).
· If not present, HARQ-ACK on a PUSCH scheduled by UL grant in the common search space does not exceed 2 bits.
· 0 or 2 or X bits UL DAI field in UL grant for UE-specific search space is configured by UE-specific RRC signaling.
· If not present, HARQ-ACK on a PUSCH scheduled by UL grant in the UE-specific search space does not exceed 2 bits.
· The value of X depends on the maximum number of CBGs per TB across all the CCs.
· UL DAI usage is same as in LTE.
· Total number of HARQ-ACK bits in the PUSCH is indicated by the UL DAI field.
Proposal 2:
· HARQ-ACK mapping pattern should take into account RA Type 0 and Type 1, RBG/precoding granularity, etc.
· Mapping pattern should be fixed irrespective of how many RBs are scheduled.
· In case of UL-MIMO, one of the following options is selected.
· Opt.1: HARQ-ACK is mapped assuming one layer, then it is copied across multiple layers.
· Opt.2: HARQ-ACK is mapped across multiple layers, frequency, and time.
· FFS: how many layers the HARQ-ACK should be mapped (whether it is same as that for data or less than that for data).
Proposal 3:
· No dedicated DCI field is used for dynamic Beta_offset selection.
· Consider joint indication for a set of Beta_offset values and the other information. 
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