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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 related to CA are:
· Stabilization of semi-static UCI codebook
· HARQ-ACK and BWP switching
· Scheduling for CA is discussed in our accompanying contribution [2].

Type-1 HARQ-ACK codebook 
Type-1 HARQ-ACK codebook determination
In RAN1#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
In RAN1#92, the following WA was agreed
Working assumption:
· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot; 
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE

The agreement(s) say DL association set is determined based on the configured set of HARQ-ACK timings, SLIV 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  associated with the active DL BWP
a. 

If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for DCI format 1_1 on serving cell ,  is  provided by the slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0;
b. 

If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell ,  is provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1; 
c. 

If the UE is configured to monitor PDCCH for both DCI format 1_0 and DCI format 1_1 on serving cell ,  for DCI format 1_0 is  provided by the intersection of (a) the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1 and (b) the union of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} and the set of slot timing values provided by higher layer parameter DL-data-DL-acknowledgement for DCI format 1_1.
b) 
when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation associated with the active DL BWP 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, higher layer parameter UL-DL-configuration-common-Set2, 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 agreements “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, respectively, 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 transmitted by the gNB to a UE, the K1 times would be [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 slot)   
· 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 above discussions 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 is the following pseudocode performing pruning of overlapping potential PDSCH allocations
	
If the does not UE does not indicate capability to receive more than one unicast PDSCH per slot and, 


     else 


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 or SPS PDSCH release associated with row 

;


end if

; 
end while



;


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




[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 for unicast of the mini-slot and slot ( if supported UE as capability). In this case, gNB/UE could split the rows of pdsch-symbolAllocation into two groups, based on TYPE A and TYPE B DMRS set for each row in pdsch-symbolAllocation table, and could perform pruning separately on each of the groups. After pruning, the occasions j could then be ordered, TYPE-A-group PDSCH occasions j before TYPE-B-group PDSCH occasions j.   
Proposal-1: When support of mini-slot and slot parallel unicast transmission is indicated by UEs in R15 (as capability), separate the rows of pdsch-symbolAllocation into two groups, corresponding to TYPE A and TYPE B configured DMRS. Perform “SLIV pruning” on each group separately and order the PDSCH occasions j, such that PDSCH occasions j of TYPE-A-group are placed before PDSCH occasions j of TYPE-B-group. 
In Athens RAN1#92, there was a discussion on support of semi-static CB, where bits are ordered given HARQ-ID instead of PDSCH occasions. HARQ-ID ordering based semi-static HARQ-ACK codebook would result into codebook of smaller size compared to PDSCH occasion ordering based codebook, if gNB configures relatively small number of HARQ processes to a UE, but the DL/UL configured asssignment is long. However, gNB typically configures to a UE as many processes as needed for continuous scheduling of the UE in DL slots of the DL/UL semi-static assignment. This means, that ordering by HARQ-ID is a corner case optimization, unless there exist R15 UEs which do not support 16 HARQ processes.
Observation-1: HARQ-ID bit-ordering-based semi-static HARQ-ACK CB is a corner-case optimization, unless there exist R15 UEs which do not support 16 HARQ processes.
On aspects of HARQ-ACK transmission during/after DL and/or UL BWP switching transition period
In meeting RAN1#91, the following agreement was agreed related to transmission of HARQ-ACK feedback due on BWP B but scheduled from BWP A for FDD (paired spectrum):
Agreements 1:
· A UE is not expected to transmit HARQ-ACK if a UE’s active UL BWP is switched between the reception of the corresponding DL assignment and the time of HARQ-ACK transmission at least for the paired spectrum

In Athens RAN1#92, the following agreement related to HARQ-ACK and BWP switching was reached 
Agreements 2:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 


For completeness, current text in section 12 of TS38.213: “For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on a PUCCH resource indicated by a DCI format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell between a time of a detection of the DCI format 1_0 or the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH.”

Given the above two agreements, the last open case seems to be unpaired spectrum with dynamic codebook. 

Observation-2: It remains open how to treat HARQ-ACK feedback before switch of DL/UL BWP pair for paired spectrum with dynamic codebook.  

The original Agreement 1, if accepted also for unpared spectrum, has two issues:
· Issue-1: The dropping of ACK/NACK feedback, as agreed for paired spectrum, is simple but not efficient solution because gNB has to schedule redundant HARQ retransmission for all impacted DL HARQ processes, regarding its 90% probability of successful decoding. 
· Issue-2: For unpaired spectrum, there is one more issue with reusing the agreed dropping solution. If the BWP-pair is adapted by switching DL assignment, the confirmation ACK would not be transmitted by the UE at all, it would be dropped. 

Issue-1 will have impact on the latency of BWP switching. A smart gNB does not want the feedback to be dropped by UE due to BWP switching. Therefore, the gNB would postpone the transmission of switching DL assignment/UL grant to the first slot of the DL association set, as shown in Figure 1 (yellow-PDSCH, brown-PDCCH, green-PUSCH, red-PUCCH, T transmission period). Note that in our example, for simplicity of illustration, the DL association set coincides with DL/UL TDD cycle, but in some cases those can be also mis-alligned.



Figure 1 Example of two switching cases (i) low-latency + dropping (ii) high-latency + no dropping. [FL – flexible slot, DL – downlink slot, UL – uplink slot]

Observation-3: To avoid HARQ-ACK dropping, the gNB would is forced to transmit switching DCIs in the first slot of the DL association set. This resulting in BWP switching delay.  

Issue-2 has been already partly (for semi-static, but not for dynamic) solved by Agreement 2, which compared to Agreeemnt 1, talks about HARQ-ACK dropping for PDSCH transmitted before BWP switch instead of PDSCH scheduled before BWP switch. However, to provide solution also for dynamic codebook, we propose to generalize the Agreement 2.

Proposal-2: Generalize the current agreement accordingly:
· When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching 

Conclusions
In this contribution, we discussed remaining details on Type-1 HARQ-ACK codebook determination. The following observations and proposals were made: 
Proposal-1: When support of mini-slot and slot parallel unicast transmission is indicated by UEs in R15 (as capability), separate the rows of pdsch-symbolAllocation into two groups, corresponding to TYPE A and TYPE B configured DMRS. Perform “SLIV pruning” on each group separately and order the PDSCH occasions j, such that PDSCH occasions j of TYPE-A-group are placed before PDSCH occasions j of TYPE-B-group. 
Observation-1: HARQ-ID bit-ordering-based semi-static HARQ-ACK CB is a corner-case optimization, unless there exist R15 UEs which do not support 16 HARQ processes.
Observation-2: It remains open how to treat HARQ-ACK feedback before switch of DL/UL BWP pair for paired spectrum with dynamic codebook.  

Observation-3: To avoid HARQ-ACK dropping, the gNB is forced to transmit switching DCIs in the first slot of the DL association set. This resulting in BWP switching delay.  

Proposal-2: Generalize the current agreement accordingly:
· [bookmark: _GoBack]When a UE is configured with Semi-static HARQ-ACK Codebook, HARQ-ACK corresponding to PDSCH transmission(s) of the DL BWP before DL and/or UL BWP switching is not transmitted by the UE after the switching. 
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