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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#92bis meeting a couple of concerns [1] were raised in other aspects on carrier aggregation agenda but no consensus have been reached for some issues. These will be revisit at this meeting. 
Other CA related physical downlink control channel scheduling issues have been or about to be discussed. The related agreements are listed as follows:
Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.

Agreements:
· To confirm the following working assumption:
·  (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
In this contribution the already raised open issues and some new concerns about CA are discussed.  
[bookmark: _Ref129681832]HARQ-ACK codebook issues 
Semi-static HARQ-ACK codebook for overlapped feedback window
In current spec, the HARQ-ACK feedback window for semi-static codebook is determined by the predefined K1 set {1, 2, 3, 4, 5, 6, 7, 8} or the K1 set provided by higher layer parameter dl-DataToUL-ACK. For simplicity, the K1 set {1, 2, 3, 4, 5, 6, 7, 8} is assumed in the following discussion.


[bookmark: _Ref513054166]Figure 1 HARQ-ACK transmission for overlapped feedback windows
As shown in Figure 1, two feedback windows according to two PUCCH resources at slot n+8 and slot n+13 respectively are overlapped from slot n+5 to slot n+7. The K1 value indicated by the PDSCH-to-HARQ-timing-indicator field in the DL DCI is 3 for PDSCH in slot n+5 and 6 for PDSCH in slot n+7. It can be seen that the HARQ-ACK bits for PDSCH occasions from slot n+5 to slot n+7 shall be reported in both PUCCHs in slot n+8 and slot n+13 according to the current spec description regardless K1 value in DCI. For example, the codebook is {00101101} for the first PUCCH and is {10110110} for the second PUCCH assuming one codeword in each PDSCH. Redundant HARQ information makes network more effort to decode. If the valid HARQ-ACK information for a PDSCH occasion is only reported in the codebook indicated by K1 value in DL DCI and padding NACK/DTX in other overlapped codebook, the priori information will benefit the decoding performance if the codebook size is less than 12 bits. The HARQ-ACK codebook in Figure 1 would be {00101100} for the first PUCCH and {00110110} for the second PUCCH if the proposal is accepted.
Proposal 1: For semi-static HARQ-ACK codebook, UE reports a PDSCH detection outcome (ACK/NACK) for a PDSCH occasion only in the HARQ-ACK codebook indicated by PDSCH-to-HARQ timing field in corresponding DL DCI. UE reports NACK/DTX in other HARQ-ACK codebooks where the UE reports HARQ-ACK for the PDSCH occasion.
Dynamic HARQ-ACK codebook design
PDCCH monitoring occasion ordering with the same start time


In current spec for dynamic HARQ-ACK codebook determination, the value of the counter DAI and total DAI field are used to generate HARQ-ACK bits, where the counter DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) up to the current serving cell and current PDCCH monitoring occasion and the total DAI denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) up to the current PDCCH monitoring occasion and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. This means PDCCH monitoring occasion is an important parameter to determine count DAI and total DAI. The ordering of PDCCH monitoring occasion will impact on the ordering of HARQ-ACK bits in the codebook. The following description is about how the PDCCH monitoring occasions are determined and how they are ordered in the current spec: “The PDCCH monitoring occasions for PDSCH scheduling on the active DL BWP of serving cell  are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the 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 the active DL BWP pf serving cell .The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring occasion.” As we know, a PDCCH monitoring occasion is a time duration (i.e. one or a consecutive number of symbols) during which the UE is configured to monitor the PDCCH. Based on the statements above, a PDCCH monitoring occasion is determined by both the search space set configuration and the associated control resource set (CORESET) configuration for a UE.  Assuming CORESET 1 and CORESET2 are configured to a UE with the duration of 1 symbol and 2 symbols respectively. Search space set 1 and Search space set 2 configured to the UE are associated with CORESET 1 and CORESET2 with the same PDCCH monitoring periodicity, PDCCH monitoring offset and PDCCH monitoring pattern within a slot indicating the first symbol in the slot is the start of the CORESETs. Therefore, as shown in Figure 2, two PDCCH monitoring occasions are derived with the same start time of the search space. How to order these two PDCCH monitoring occasions are not clear in current spec. 


[bookmark: _Ref513560254]Figure 2 two PDSCHs scheduled by two PDCCH monitoring occasions with the same start time but different durations
Observation 1: The search spaces with the same start time may be associated with different PDCCH monitoring occasions of different durations.

One solution to solve this issue is to add other information to further identify different PDCCH monitoring occasions, e.g. the duration of the PDCCH monitoring occasion. A simple way is to reuse SLIV principle to calculate index of each PDCCH monitoring occasion and then ordered according to the indexes. For example, the index of PDCCH monitoring occasion, where S denotes the start time and L denotes the duration of the PDCCH monitoring occasion. Taking Figure 2 as an example, P1=0, P2=14. The ordering of these PDCCH monitoring occasions would be first PDCCH monitoring occasion 1and then PDCCH monitoring occasion 2. Other information, e.g. search space set index or CORESET index can also be considered.
[bookmark: _GoBack]For the convenience of revision, the following proposal is provided and the corresponding TP is in Appendix A.
Proposal 2: The set of PDCCH monitoring occasions are ordered according to the start time and the index of the search space associated with the PDCCH monitoring occasions.
Multiple PDCCHs in one PDCCH monitoring occasion
As discussed in the previous section, the ordering of {serving cell, PDCCH monitoring occasion}-pair(s) are used to determine the counter DAI and total DAI. This can work if only one PDCCH in a PDCCH monitoring occasion. But there are some cases that multiple PDCCHs exist in one PDCCH monitoring occasion. Figure 3 gives an example in cross-carrier scheduling case. Another case could be different PDCCHs for in-slot PDSCH scheduling and cross-slot PDSCH scheduling in the same PDCCH monitoring occasion (not shown in the figure). The counter DAI and total DAI are provided in Figure 3 in the brackets. Only 3 HARQ-ACK bits would be generated according to 3 PDCCH monitoring occasions assuming one codeword for each PDSCH. But it can be clearly seen in Figure 3 that there are 6 PDSCHs scheduled requiring 6 HARQ-ACK bits to be reported.


[bookmark: _Ref513071557]Figure 3 Issues about multiple DCIs in one PDCCH monitoring occasion
One solution to solve this issue is to further distinguish different PDCCHs according to the first CCE index of each PDCCH in one PDCCH monitoring occasion. An example of such solution is shown in Figure 4. The (counter DAI, total DAI) and HARQ-ACK bit ordering with the circled number are given.


[bookmark: _Ref513072828]Figure 4 HARQ-ACK bits ordering according to the start CCE index within one PDCCH monitoring occasion
Proposal 3: The first CCE index of each PDCCH is used to further identify and order different PDCCHs in one PDCCH monitoring occasion.
CA scheduling issues
K0/K1/K2 for cross-carrier scheduling
There is still no agreement about the definition of K0/K1/K2=0 when cross-carrier scheduling with different numerologies is applied. It will cause some confusions thus need clarifications, especially for K1. The following proposal is aimed at reaching agreements on this:
Proposal 4: Cross carrier slot-based scheduling is allowed toward equal or later slot only.
· When larger SCS schedules smaller SCS, overlapping slot is considered as K0=0 or K2=0;
· When smaller SCS schedules larger SCS, K0=0 or K2=0 is defined for slot with boundary aligned with that of slot containing the corresponding PDCCH;
· When HARQ-ACK is transmitted on a carrier with smaller SCS, overlapping slot is considered as K1=0;
· When A/N is transmitted on a carrier with larger SCS, K1=0 is defined for slot with end boundary aligned with that of slot for the corresponding PDSCH.

PDCCH Blind decodes limit and CCEs limit [2]
According to the agreements in previous meetings, for non-CA scenario, the maximum number of PDCCH blind decodes and the maximum number of CCEs for channel estimation per slot the UE shall support are provided with M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz} and N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}. For CA with same numerology scenario:
•	For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes and CCEs per slot the UE shall support is X*M and X*N, and;
•	For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of PDCCH blind decodes and CCEs per slot the UE shall support is y*M and y*N, where y is an integer from {4, …, 16} and is reported as UE capability to the network.
The CA with different numerologies scenarios are discussed in the following two sections according to the number of aggregated DL-CCs.
The number of DL-CCs is equal to or less than 4
Two carriers with different numerologies are considered in the discussion. As shown in Figure 5, two cases should be considered:
· Case 1: Self-scheduling with different numerologies CA
· Case 2: Cross-carrier scheduling with different numerologies CA

	

	



[bookmark: _Ref513147218]Figure 5 different numerologies CA with self-scheduling (left) and cross-carrier scheduling (right)
For Case 1, the limit of each carrier with different numerologies can be applied separately for the CA.
For Case 2, it is easy to understand that the numerology of the scheduling carrier should be considered. Figure 5 shows the case of carrier with small SCS CC1 scheduling carrier with larger SCS CC2. Double the PDCCH blind decodes limit of CC1 2*44=88 per slot for 15kHz SCS would be expected which is less than 44+36*2=116. For the case of carrier with larger SCS (e.g. 30kHz SCS) scheduling carrier with smaller SCS (e.g. 15kHz SCS), the limit of larger SCS and scales of the limit of smaller SCS, e.g. 36+44/2=58 per slot for 30kHz SCS would be expected which is less than 36*2=72.
Proposal 5: For a UE supporting CA with up to X DL-CCs with the mixed numerologies with X <= 4, the maximum number of BDs/CCEs per slot is the combination of the maximum BDs/CCEs per slot of all scheduling CCs:
· For the Scheduling CC without cross-carrier scheduling: the maximum BDs/CCEs per slot is the same as single CC case;
· For the Scheduling CC with cross-carrier scheduling, since the numerology of scheduling CC can be larger/equal to that of scheduled CC, or less/equal to that of scheduled CC :
· 


When , the BD and CCE limits per slot are  and  respectively;
· 


When , the BD and CCE limits per slot are  and 




where Mk(·) denotes the  BD limits per slot of CC k, Nk(·) denotes CCE limit per slot of CC k; KS and KC are the number of CCs including scheduling CC itself and all the scheduled CCs in the scheduling CC for  and  case respectively, KS+KC is the total number of CCs with cross-carrier scheduling,∈{0,1,2,3} denotes the subcarrier spacing of scheduling CC, and  ∈{0,1,2,3} denotes the subcarrier spacing of scheduled CC.

The number of DL-CCs is larger than 4
In this case, y is an integer from {4, …,16} and is reported as UE capability to the network. The mixed cross-carrier scheduling and self-scheduling scenario is illustrated in Figure 6. If y=4 is reported to the network, how the network decides the unified maximum number of PDCCH blind decodes and CCEs per slot the UE shall support. One reference numerology should be needed to interpret the UE capability of PDCCH blind decodes and CCEs for channel estimation. The simple way to decide the reference numerology is to choose the smallest or largest SCS as the reference numerology. Therefore, for example, the 4*44=176 maximum number of PDCCH blind decodes per 15kHz slot duration the UE shall support when y=4 is reported. 



[bookmark: _Ref513081849]Figure 6 mixed cross-carrier and self-scheduling CA case for Y=5
According to above discussions, the following proposal is provided:




Proposal 6: For a UE supporting CA with up to Y DL-CCs with the mixed numerologies Y > 4: the maximum number of BDs equals to y*M() and the maximum number of CCEs equals to y*N() corresponding to the reference subcarrier spacing , where y∈{4,5,…,16} is reported by UE and the reference subcarrier spacing  should be specified, e.g. 15kHz.
DCI size budget for CA
At previous meeting, it was agreed that for one carrier, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 of different DCI sizes are monitored per C-RNTI per slot. For CA scenario, the DCI size budget is still open. 
It is easy to understand that if the CC in the CA is configured by only self-scheduling, the DCI budget for each CC is the same as the case of single carrier case. If some carrier is configured with cross-carrier scheduling, the increased DCI for the scheduled carrier will be included in the scheduling carrier. The DCI budget of a carrier will be exceeded in this case. More information can refer to the contribution [3]. 
Proposal 7: As compared to the self-carrier scheduling case, the DCI size budget for the CC supporting cross-carrier scheduling can be increased.

Conclusions
According to above discussions, we have the following observations and proposals:
Observation 1: The search spaces with the same start time may be associated with different PDCCH monitoring occasions of different durations.
Proposal 1: For semi-static HARQ-ACK codebook, UE reports a PDSCH detection outcome (ACK/NACK) for a PDSCH occasion only in the HARQ-ACK codebook indicated by PDSCH-to-HARQ timing field in corresponding DL DCI. UE reports NACK/DTX in other HARQ-ACK codebooks where the UE reports HARQ-ACK for the PDSCH occasion.
Proposal 2: The set of PDCCH monitoring occasions are ordered according to the start time and the index of the search space associated with the PDCCH monitoring occasions.
Proposal 3: The first CCE index of each PDCCH is used to further identify and order different PDCCHs in one PDCCH monitoring occasion.
Proposal 4: Cross carrier slot-based scheduling is allowed toward equal or later slot only.
· When larger SCS schedules smaller SCS, overlapping slot is considered as K0=0 or K2=0;
· When smaller SCS schedules larger SCS, K0=0 or K2=0 is defined for slot with boundary aligned with that of slot containing the corresponding PDCCH;
· When HARQ-ACK is transmitted on a carrier with smaller SCS, overlapping slot is considered as K1=0;
· When A/N is transmitted on a carrier with larger SCS, K1=0 is defined for slot with end boundary aligned with that of slot for the corresponding PDSCH.
Proposal 5: For a UE supporting CA with up to X DL-CCs with the mixed numerologies with X <= 4, the maximum number of BDs/CCEs per slot is the combination of the maximum BDs/CCEs per slot of all scheduling CCs:
· For the Scheduling CC without cross-carrier scheduling: the maximum BDs/CCEs per slot is the same as single CC case;
· For the Scheduling CC with cross-carrier scheduling, since the numerology of scheduling CC can be larger/equal to that of scheduled CC, or less/equal to that of scheduled CC :
· 


When , the BD and CCE limits per slot are  and  respectively;
· 


When , the BD and CCE limits per slot are  and 




where Mk(·) denotes the  BD limits per slot of CC k, Nk(·) denotes CCE limit per slot of CC k; KS and KC are the number of CCs including scheduling CC itself and all the scheduled CCs in the scheduling CC for  and  case respectively, KS+KC is the total number of CCs with cross-carrier scheduling,∈{0,1,2,3} denotes the subcarrier spacing of scheduling CC, and  ∈{0,1,2,3} denotes the subcarrier spacing of scheduled CC.




Proposal 6: For a UE supporting CA with up to Y DL-CCs with the mixed numerologies Y > 4: the maximum number of BDs equals to y*M() and the maximum number of CCEs equals to y*N() corresponding to the reference subcarrier spacing , where y∈{4,5,…,16} is reported by UE and the reference subcarrier spacing  should be specified, e.g. 15kHz.
Proposal 7: As compared to the self-carrier scheduling case, the DCI size budget for the CC supporting cross-carrier scheduling can be increased.
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Appendix A. TP for Proposal 2
----------------------------------- Start of Text proposal to 9.1.3.1 of 38.213 ----------------------------------------
[bookmark: _Ref500250940][bookmark: _Toc510987657]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel





Based on maximum and minimum PDSCH-to-HARQ_feedback timing values provided to a UE by union of the set of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and the set of slot timing values provided by higher layer parameter dl-DataToUL-ACK for DCI format 1_1, the UE determines monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling on an active DL BWP of a serving cell  and for which the UE transmits HARQ-ACK in a same PUCCH in a slot  based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring occasions for PDSCH scheduling on the active DL BWP of serving cell  are determined based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the 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 the active DL BWP pf serving cell . The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time and the index of the search space associated with a PDCCH monitoring occasion, first in increasing order of start time and then in increasing order of index of the search space if the start time is the same. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.
-------------------------------- End of Text proposal to 9.1.3.1 of 38.213 --------------------------------------------
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