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Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilization of the basic and essential functionalities within the scope of the December drop. RAN plenary also agreed the following for NR-NR CA: 
- finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.
Remaining open issues are:
· Stabilization of semi-static UCI codebook
· Stabilization of dynamic UCI codebook
· Default codebook for initial access
Type-1 HARQ-ACK codebook 
Type-1 HARQ-ACK codebook determination
In RAN#91, it has been agreed that 
Agreements:
· For semi-static HARQ-ACK codebook, support
· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index
· There is no DAI in DL grants
The agreement says DL association set is determined based on the configured set of HARQ-ACK timings and ordered based on DL time index. However, corresponding text in TS38.213 [1] defines:
[bookmark: _Hlk506114629]TS38.213: “The determination is based:
a) on a set of slot timing values  provided by the union of the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} when scheduling is by DCI format 1_0 and the slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for scheduling with DCI format 1_1; and
b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation and defining respective sets of slot offsets , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and
c) when provided, on higher layer parameter UL-DL-configuration-common and higher layer parameter UL-DL-configuration-dedicated as described in Subclause 11.1; and
d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding to DCI format 1_0 or DCI format 1_1 for serving cell  as described in Subclause 10.1. “

The sub-bullets a) and b) are following the agreement “configured set of HARQ-ACK timings” resp. “HARQ-ACK payload is ordered based on DL time index”. Contrary, sub-bullets c) pruning based on UL/DL configuration and d) pruning based on configured periodicities are optimizations implemented by the spec editor without an agreement in RAN1. 
The goal of optimizations in c) and d) is to reduce the codebook size by removing TD configuration rows corresponding to PDSCHs that could not be scheduled or transmitted, based on the UL/DL configuration or monitoring periodicities. However, these optimizations increase the complexity at gNB and UE. 
We think that significant benefit can be achieved by pruning rows given the UL/DL configuration. If fall-back DCI is configured by the gNB, the K1 times would [1,2,3,4,5,6,7,8]. If half of these slots is UL, the codebook size can be reduced to half. In this case the gNB and UE needs to keep track of last 8 slot-formats. 
On the other hand, pruning based possible monitoring occasions given K0 times adds yet another level of complexity for not very clear benefit. In majority of implementations:
· PDSCH would be scheduled with K0=0, and even if K0>1, the SLIV values may be configured to be the same as for SLIV values associated with K0=0.
· gNB would not set first symbols to UL in the beginning of the slot.
· UE would be typically configured to monitor DCI formats with C-RNTI in every slot (unless UL)   
· The configured rows of pdsch-symbolAllocation are valid for Case 1-1, Case 1-2 and Case 2-2 monitoring 
 
Therefore, the UE would anyway report number of bits corresponding to the unique entries of SLIV configured in pdsch-symbolAllocation. Based on these observations we have the following text proposal:
Text proposal 38.213:
	

For the set of slot timing values , the UE determines  occasions for candidate PDSCH receptions according to the following pseudo-code. 

Set  - index of occasion for candidate PDSCH reception

Set 

Set 



Set  to the cardinality of set   Set k =0 – index of slot timing values in set 

while  

Set  to the set of rows provided by pdsch-symbolAllocation


Set  to the cardinality of , 

Set  – index of row provided by pdsch-symbolAllocation 

while 







if the UE is provided higher layer parameter UL-DL-configuration-common or higher layer parameter UL-DL-configuration-dedicated and at least one OFDM symbol of the PDSCH time resource derived by row  in slot  is configured as UL or slot , where  is the k-th slot timing value in set  and  is derived by row  of pdsch-symbolAllocation, does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 

            ;
end if

; 
end while
[… ]

;
end while



   
The next aspect generated by the spec editor without RAN1 agreement is the following pseudocode performing pruning of overlapping potential PDSCH allocations
	

Set  to the cardinality of 


Set  to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of 

while 

Set  

while 



if  for start OFDM symbol index  for row  


; - index of occasion for candidate PDSCH reception associated with row 

;


end if

; 
end while



;


Set  to the smallest last OFDM symbol index among all rows of ;
end while

; 




[bookmark: _Hlk506212307]While we think that this pruning can significantly reduce the semi-static codebook. The issue with this text is that it does not support the case where two PDSCH can be scheduled parallel in the same serving cell, which is the case of unicast of the mini-slot and slot, or the case of multi-TRP transmission, because “all overlapping” SLIV values are mapped into bit(s) location j. Therefore, we propose that for each value of index of occasion for candidate PDSCH reception j associated with more than 1 row, a UE capable of parallel PDSCH processing reserves bits for up to two potential PDSCH. The PDSCH are ordered based on the SLIV value.  

Proposal #1: For each value of index of occasion for candidate PDSCH reception j associated with more than 1 row , a UE capable of parallel PDSCH processing reserves bits for two PDSCH. The PDSCH are ordered based on the SLIV index value.
Type-1 HARQ-ACK codebook fall-back
The specification is not clear about the time-span within which the one PDSCH is received. The following text proposal should clarify.
	9.1.2	Type-1 HARQ-ACK codebook determination
This subclause applies if the UE is configured with HARQ-ACK-codebook=semi-static.

If a UE receives only a PDSCH on the PCell, within the occasions for candidate PDSCH reception determined in Subclose 9.1.2.1 , the UE determines a HARQ-ACK codebook only for the PDSCH. The following procedures for a HARQ-ACK codebook determination apply when the UE does not receive only a PDSCH on the PCell.





Type-2 HARQ-ACK codebook determination
In this section we propose changes to the way Type-2 HARQ-ACK codebook is determined in TS38.213 [1] to allow for more flexible and robust dynamic HARQ-ACK codebook determination in NR.  
Definition of total DAI
In HARQ-ACK codebook determination pseudo-code in TS38.213 section 9.1.3.1 the codebook corrections (for missed DL assignments) based on total DAI are performed after the loops over serving cells and PDCCH monitoring occasions m are completed. Counter DAI is used within the loops to avoid errors due to missed DL assignments. 
The same codebook determination pseudo-code can be used with two different total DAI definitions:
· total DAI denotes the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion 
· total DAI denotes the total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission (e.g. on PUCCH).
The former definition of total DAI improves HARQ-ACK codebook robustness when UE has a considerable number of serving cells configured, as is the case in LTE eCA feature supporting CA with up to 32 CCs. However, it does not provide any robustness against missing the last DL assignment when only one serving cell is scheduled in the last PDCCH monitoring occasion.  
The latter definition provides robustness also against missing the last DL assignment when only one serving cell is scheduled in the last PDCCH monitoring occasion, and hence is more suitable for CA with only few serving cells configured. The latter definition requires scheduling prediction (or scheduling limitation) from gNB scheduler. However, if total DAI can be updated from PDCCH monitoring occasion to another, the scheduling prediction requirement becomes less demanding for gNB.     
We propose that NR allows for both total DAI operations, leaving it up to gNB to decide which one to use. This does not require any changes to the codebook determination pseudo-code in TS38.213. Overall, only few text edits are required for TS38.213 section 9.1.3.1, either by adding description for the latter definition of total DAI or by removing exact description of the former total DAI definition.  For example,   
	[bookmark: _Ref500250940][bookmark: _Toc501387545]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[…]

The value of the total DAI in DCI format 1_0 or DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion and shall can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 



Proposal #2: Total DAI is allowed to denote the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion or the predicted total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission. Total DAI can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
On support TYPE-2 HARQ-ACK codebook on Formats 0 and 1
According to the current text of specification of section 9.1.3.1 in TS 38.213, the dynamic codebook is supported only for PUCCH Formats 2, 3 and 4, which are the formats with higher payload size. We haven’t find any agreement which would preclude support of dynamic codebook with PUCCH Formats 0 and 1. Therefore, we have the following text proposal for TS 38.213
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[….]

If the UE transmits HARQ-ACK in a PUCCH with PUCCH format 0 or PUCCH format 1 or PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the  according to the following pseudo-code:
[…]


 
Missing details of piggy-backing of TYPE 2 HARQ-ACK codebook
Section 9.1.3.2 is not clear when UE multiplexes HARQ-ACK feedback on the PUSCH – one might even read that UE always multiplexes HARQ-ACK feedback on the PUSCH, even if gNB has not transmitted any PDSCH to the UE within the DL association set as non-zero DAI is always indicated. Therefore, we propose clarification that HARQ-ACK is not multiplexed if UE has not detected any DL assignment for the DL association set and the DAI in UL grant indicates value 4. The use of DAI value 4 would guarantee reliability of up to 3 missed DL assignments within DL association set. 
	[bookmark: _Toc501387546]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 0 or PUCCH format 1 or PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook in the same manner as when the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, as described in Subclause 9.1.3.1, with the following modifications:






-	For ,  and for ,  is replaced by  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2;
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook;
-	HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.


If a UE is scheduled for a PUSCH transmission by DCI format 0_1 with and UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or DL SPS release on a serving cell , as described in Subclause 9.1.3.1, the UE does not multiplex any HARQ-ACK on the PUSCH.

Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
	
 
	

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as  and 

	0,0
	1
	


	0,1
	2
	


	1,0
	3
	


	1,1
	4
	









Clarification of subcodebook operation
In the current endored version of TS 38.213 in Section 9.1.3.1 is not clear which PDSCH on a serving cells with higher layer parameter CBG-DL = ON scheduled by fall-backor non-fall-back DCI format belong to which of the two sub-codebooks. Therefore, we have the following text proposal to clarify.

	[bookmark: _Toc505848923]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[…]
If a UE transmits HARQ-ACK using PUCCH format 0 or PUCCH format 1 or PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
· higher layer parameter HARQ-ACK-codebook=dynamic;
· 
higher layer parameter CBG-DL = ON for  serving cells; and
· 

higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for  serving cells where 


the UE shall determine the  according to the previous pseudo-code with the following modifications
· 


 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions scheduled by DCI format 1_0 on serving cells and DCI format 1_0 and 1_1 onserving cells ;
· 


 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and  
· 










Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits, where  is the maximum value of  across all  serving cells where  is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell . If for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell .
· The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
· The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.





Default CB for initial access
In the previous meeting it has been agreed that the K1 values are {1,2,3,4,5,6,7,8} and 8 TD-RA values for DCI format 1_0 need to be still selected. Therefore it seems that until UE is configured with dedicated RRC, a UE would have to potentially feedback 64 ACK/NACK bits on PUCCH if semi-static codebook were used, with SLIV pruning this could be reduced to 8bits. 
However, until RRC configured, a UE would be typically be scheduled only on Pcell and with only 1 PDSCH per DL association set. And, UE would report a single ACK/NACK bit per DL association set instead of the potential 64 ACK/NACK bits. Therefore, we think that semi-static codebook should be a default codebook until UE is configured with the preferred CB type by dedicated RRC. 
Proposal #3: Select semi-static UCI CB (TYPE1) as default CB until UE is configured with the preferred CB by dedicated RRC.

Conclusions
In this contribution, we discussed remaining details on Type-1 and Type-2 HARQ-ACK codebook determination. The following observations and proposals were made: 

Proposal #1: For each value of index of occasion for candidate PDSCH reception j associated with more than 1 row , a UE capable of parallel PDSCH processing reserves bits for two PDSCH. The PDSCH are ordered based on the SLIV index value.
Proposal #2: Total DAI is allowed to denote the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion or the predicted total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission. Total DAI can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
Proposal #3: Select semi-static UCI CB (TYPE1) as default CB until UE is configured with the preferred CB by dedicated RRC.

In additional we made several text proposal to be addressed in RAN1#92.
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