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1 Introduction

In previous meetings, the following agreements on multi-TRP transmission were achieved [1] [2], 
Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement

For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis

Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Agreement

At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 

· Alt 1: enhance c_init, FFS detailed design in RAN1 97

· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement

For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  

· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability

· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

In this contribution, we provide our considerations for multi-TRP/panel transmission starting from previous agreements, for multiple PDCCH based multi-TRP transmission design with non-ideal/ideal backhaul, reliability/robustness enhancement and single PDCCH based multi-TRP transmission design. 

2 Design for multiple PDCCHs based multi-TRP/Panel transmission

2.1 Downlink design for PDCCH enhancements
It was agreed that # of CORESETs, BD, and CCEs will be increased but the impact of UE complexity shall be also considered. Two possible ways can be implemented by the NW for PDCCH configuration. One way is that CORESETs from different TRPs are configured with a manner of FDM so that PDCCH candidates would have non-overlapping CCEs among TRPs. Another way is that the TRPs can use different scrambling IDs for CORESETs from different TRPs, as Rel-15, whereas scrambling ID is configured per CORESET. 
The first approach will lead to higher PDCCH overhead, at expense of PDCCH/PDSCH capacity. For example, with non-ideal backhaul, one TRP would always avoid to use resources occupied by CORESETs from another TRP. On the other hand, the second approach requires the UE to decode two non-orthogonal PDCCHs. Thus for M-DCI based NCJT, the NW implementation can ensure that either PDCCH candidates from CORESETs from each TRP will not overlap each other, or different scrambling ID will be configured to CORESETs assigned to each TRP.
Observation 1: It is up to the NW implementation to configure multiple CORESETs with orthogonal frequency resources or different scrambling IDs for TRPs. 

In Rel-15, UEs determine CCE indexes of a UE-specific search space set by a Hash function with parameter Ap, and the value of Ap corresponds to the index of CORESET associated with the UE-specific search space set. There are total 3 different values for Ap are specified in Rel-15, i.e. {39827, 39829, 39839}, which can apply to maximum 3 different CORESETs per “PDCCH-Config”. For single-TRP operation, the optimization of Ap values can minimize the probability of PDCCH blockage. For example, for a given slot, a proper Ap design can give rise to more diverse CCE indexes for UEs using the same Ap and different RNTIs to improve PDCCH capacity and support more active UEs in a cell.

In RAN1#96bis meeting, it was agreed to increase the maximum number of CORESETs per “PDCCH-Config” to [4, 5, or 6]. However, as aforementioned, different Ap values in Rel-15 can only support up to 3 different CORESETs.

For the UE supporting M-DCI NCJT transmission, optimizing Ap values can reduce inter-TRP PDCCH interference or CCE collision due to limited coordination by non-ideal backhaul. For example, there’s probability of overlapping CCEs of scheduled PDCCHs from two TRPs for a given UE by using different CORESET scrambling IDs so that these PDCCHs may interfere each other. The smaller the probability of CCE overlapping, the better PDCCH performance. Moreover, for the case of ideal-backhaul, supporting more than 3 Ap values can reduce PDCCH blockage probability further compared to Rel-15 and then increase PDCCH capacity. Therefore it is beneficial to support additional values for Ap. 
Proposal 1: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, if more than 3 CORESETs are configured. 

With the increase of BD/CCE numbers, some restrictions can be considered to limit UE complexity. PDCCH monitoring/detection complexity highly relies on PDCCH overbooking issue. In Rel-15, the UE firstly determine CCEs of a PDCCH candidate according to Search space function. Then, there’s possibility that PDCCHs may have overlapped CCEs. In that case, PDCCH with lower priority (higher SS set/PDCCH candidate index) is dropped. Therefore, for a PDCCH candidate, the UE needs to compare it with all PDCCH candidates with lower indices. Such an operation is usually very complex. Thus overbooking and related candidate dropping rules may greatly impact PDCCH monitoring complexity.
For multi-PDCCH based solution, two TRPs would transmit its NR-PDCCH using different CORESET(s). With increased BD # in multi-TRP transmission, PDCCH candidate determination complexity will be increased accordingly. But considering specific design of M-DCI NCJT, it is possible to design restrictions of NW implementation to avoid excessive droppings of PDCCH candidates among TRPs, whilst balancing the NW implementation flexibility. One solution is that, the gNB explicitly configures CORESETs into two CORESET groups, and the NW implementation is to ensure that comparing overbooked PDCCH candidates between CORESET groups are not required by the UE. Therefore from the UE perspective, within single CORESET group, the complexity of PDCCH detection is maintained as same as single-TRP operation of Rel-15.

Proposal 2: Study the enhancement of CORESET design/configurations or restrictions to reduce PDCCH detection complexity for M-DCI NCJT, i.e. by configuring multiple CORESET groups each of which corresponds to one TRP.

According to TS 38.213, the Hash function is given by 
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, D=65537. The value for Ap should be one of primitive roots of D (i.e. 65537 is a prime number), since the primitive root of D can generate distinct values of Yp,n for different UEs with respect to 
[image: image3.wmf]m

s,f

n

. It means that, for a given UE, a distinct random value can be generated with respect to 
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, if primitive root of D is selected for Ap.  The different results between a prime number and primitive root for Ap values are illustrated as follows: 
Without loss any generality, we assume the value of D equals 11, which is also a prime number (similar as 65537). The primitive roots of 11 can be {6, 7}, then, if UE ID is set as 1 (i.e. Yp,-1 = 1), then, the generated random value with respect to 
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is given by Table 1.
Table 1 The random value of 
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, D = 11, Yp,-1 = 1, Ap is a primitive root of 11.
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From Table 1, it can be observed that each UE will be generate distinct random value with respect to 
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= 10. On the other hand, once Ap is only selected as a prime number (i.e. 3 or 5) but not a primitive root of D=11, it will lead to different results, as given in Table 2.
Table 2 The random value of 
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As shown in Table 2, the random value generated by Hash function with prime number will repeated in every 5 slots, then, shorter random sequence will be generated. 
Based on above simple examples, we illustrated the benefit on the selection of Ap as a primitive root of D. Therefore, the candidate value for Ap should not limited to prime number, primitive root of D should also be considered, which can achieve much longer random sequences compared with prime numbers. Therefore, we prefer the newly introduced value of Ap should be primitive roots of D. For simplicity, we can select value of primitive root around existing values of Ap, such as {39828, 39840, 39853}, in which the performance with newly introduced value of Ap = 39853 has been given in our companion paper [5]. 
Proposal 3: Support additional parameter Ap to be primitive root of 65537,  if more than 3 CORESETs configured, such as {39828, 39840, 39853}.
To reduce PDCCH candidate detection complexity and save UE power consumption for DCI monitoring, multiple PDCCHs design can be optimized to relax multi-DCI monitoring requirement for the UE involved in multi-TRP transmission. Each of multi-DCIs can contain an assistance message to indicate whether another DCI of the multi-DCI need to be monitored. One benefit is that UE can stop monitoring if it knows that another DCI is not actually transmitted from another TRP, the BD cost can be significantly reduced at the UE side. The assistance message can reuse current DCI field to implicitly indicate the existence of other DCI. For example, it’s a basic principle that each PDCCH can only schedule one CW for multi-PDCCH based multi-TRP transmission. Therefore, when maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, and the UE receives a DCI indicate one of the TBs is disabled in DCI format 1_1, the UE may assume the existence of the other DCI for DL grant. As another example, for DMRS Type 1, when one DCI indicates that 2 CDM groups are used for the scheduled PDSCH, it can be seen as a single TRP transmission with SU assumption. In this case, the other DCI may not need to be monitored. 
Proposal 4: Each DCI of multi-DCI can implicitly indicate whether another DCI is present or not, in case of ideal backhaul.

2.2 Downlink design for PDSCH enhancements
2.2.1 PDSCH scrambling
It was agreed that different PDSCH scrambling sequences can be supported for PDSCHs, for eMBB with multi-DCI based multi-TRP/panel transmission. In R15, the PDSCH is scrambled by a pseudo-random sequence, which is initialized by a RNTI associated with the PDSCH as well as higher-layer configured PDSCH scrambling parameter and so on. Both Alt1 and Alt2 support different scrambling ID of PDSCH from different TRPs, whereas Alt2 is a more straightforward approach. 

The remaining problem is, how the UE is aware of which scrambling ID is used for a specific PDSCH. For instance, in Rel-15, parameter dataScramblingIdentityPDSCH is configured in PDSCH-config, contained in BWP configurations. For intra-cell operation, given one PDSCH-config, when two dataScramblingIdentityPDSCH values are configured, it is ambiguous to the UE about which one (out of two values) shall be used for de-scrambling PDSCH or the UE has to consider complicated BD for PDSCH scrambling IDs. Therefore such an association between scrambling IDs and PDSCHs can be conducted through PDCCH configuration. For example, the configured dataScramblingIdentityPDSCH can be associated with a CORESET group. Therefore, the UE shall identify the dataScramblingIdentityPDSCH to be used for decoding PDSCH by decoding DCI and then identifying DCI-associated CORESET/CORESET group.

Proposal 5: Support Alt2 to enhance RRC configurations to support two dataScramblingIdentityPDSCHs per BWP, and each dataScramblingIdentityPDSCH is associated with a CORESET group.
2.2.2 Resource allocation
At least “PDSCH mapping type A + PDSCH mapping type A” for multi-TRP transmission should be supported. It was agreed that actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type should be aligned for fully/partially overlapped PDSCHs. For PDSCH mapping type A, with certain DMRS higher layer configurations, potential DMRS symbol locations are determined by the PDSCH length. For PDSCH mapping type B, relative position of DMRS symbol locations is predefined in specification in Figure 1 for 2, 4 and 7 symbols of PDSCH length. Thus, the network coordination can and shall ensure among two TRPs the same starting symbol if support “PDSCH mapping type B + PDSCH mapping type B” for multi-TRP transmission. 
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Figure 1 Possible allocation of DMRS positions for PDSCH mapping type B
For mixed PDSCH mapping types between A and B, DMRS symbol locations can be aligned for certain cases. The starting symbol of PDSCH mapping type B needs to start over symbol 2 or 3 depending on DMRS configuration for PDSCH mapping type A. As an example shown in Figure 2, when DMRS symbol location of PDSCH with mapping type A is the symbol 2, PDSCH with mapping type B cannot be configured with additional DMRS symbol or two symbol DMRS, as shown in Figure 2.
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Figure 2 Possible scheduling PDSCH mapping type B from one TRP and mapping type A from another TRP which contains DMRS on ‘pos2’
When DMRS symbol location of PDSCH with mapping type A starts at symbol 3 with one additional DMRS symbol as shown in Figure 3, PDSCH with mapping type B and one additional DMRS can be used to pair PDSCH mapping type A and PDSCH mapping type B.  
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Figure 3 Possible scheduling PDSCH mapping type B from one TRP and mapping type A from another TRP which contains DMRS on ‘pos3’
There are more cases of scheduling different PDSCH mapping types.  For non-overlapped PDSCH, if both two PDSCHs are mapping type A as shown in Figure 4, one of them must have 3 symbol duration in maximum to allow data ends no later than symbol 3.
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Figure 4 Non-overlapped PDSCH for mapping type A
Therefore we have following proposal: 

Proposal 6: Full/partial/non overlapped PDSCHs with mapping types A+A/A+B/B+B can be scheduled by two PDCCHs for multi-TRP transmission.

For PDSCH mapping type A with single-symbol DMRS, the higher-layer parameter lte-CRS-ToMatchAround is configured and any PDSCH DM-RS symbol coincides with any symbol containing LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround, and the higher-layer parameters dmrs-AdditionalPosition is equal to 'pos1' and l0=3, then the DM-RS positions of additional DMRS for PDSCH duration of 13 and 14 are shifted by one symbol subject to UE capability. As LTE CRS symbol allocation is determined by MBSFN configuration and the number of CRS ports, and thus typically CRS symbol allocations are likely aligned from two TRPs, no special handling is needed.
2.2.3 PRG alignment
For multi-PDCCH based multi-TRP transmission, different PDCCHs would schedule DMRS ports in different CDM groups. Since the DMRS ports from different TRPs would occupy orthogonal resources. The UE may not need to estimate interference on DMRS ports from the other TRP when it conducts channel estimation of DMRS ports from one TPR. 

2.2.4 BWP alignment
Based on the agreement, there should only be one active BWP in a CC, and how to ensure the same BWP among coordinate TRPs is FFS. According to the BWP switching mechanism designed in Rel-15, for inter-cell multi-TRP coordination, two BWP IDs associated with two cells respectively can be indicated to the UE by two PDCCHs from the two cells separately. The UE can be activated with associated BWP Id for the corresponding cell. For intra-cell coordination, the UE can be activated with one BWP id in this cell. 

The main benefit of BWP switching is for UE power saving, by switching into to a smaller BWP configuration. BWP switching timeline may not be stringent for most use cases of BWP switching. A possible way to solve possible BWP misalignment is to be done by network implementation so that BWP switching timing or order can be coordinated among TRPs semi-statically from the network perspective. Therefore, if UE detects two DCIs scheduling two PDSCHs within the same OFDM symbols, and both of the two DCIs indicate BWP switching, it is restricted that the UE shall be indicated with the same BWP id for intra-cell coordination, and the same BWP bandwidth configuration with respect to point A, BWP starting position and bandwidth for inter-cell coordination. When UE detects only one of the two DCIs indicating the BWP switching, UE should start BWP switching according to the BWP switching indication. The time-offset between instance of the DCI reception and starting time of the PDSCH in new BWP can be set large enough to cover the backhaul delay between TRPs. UE can start to monitor DCI in the new BWP before receiving the PDSCH.

According to spec 38.133, when the UE starts BWP switching (e.g. after receiving PDCCH indicating a BWP other than current BWP), the UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs. Therefore in Rel-15, the single TRP would not trigger back to back BWP switching. For multi-TRP transmission in Rel-16, TRP #2 may indicate additional BWP switching command after TRP#1’s BWP switching command. But it may be left to NW implementation to ensure sufficient time of BWP switching from both TRPs. 
Proposal 7: From UE perspective, the UE should be indicated simultaneously by multiple PDCCHs with the same BWP id for intra-cell coordination, or the same BWP bandwidth configuration with respect to point A, BWP starting position and bandwidth for inter-cell coordination.

· When UE only receive one PDCCH with BWP switching indication, UE should start BWP switching according to the indication.

Besides DCI-based BWP switching mechanism, NR also supports timer-based BWP switching. According to the BWP switching mechanism designed in Rel-15, two timers are configured separately in the two cells. The timer is used to fall back to default BWP when the timer is exhausted, such as, when there is no DCI received in the BWP for a period, active BWP is automatically switched to a default BWP. There is one timer for both of the TRPs for intra-cell case, so the timer can be counted based on reception of the two DCIs. However, for inter-cell case, there are two timers belonging to two TRPs. For NIB case, one TRP cannot count the timer based on the DCI transmitted from the other TRP. So how to decide the rules of fall back to default BWP should be considered.

Proposal 8: When two timers are configured for 2 coordinated serving cells, rules of counting the time to fall back to default BWP should be defined.
2.2.5 Rate matching
For rate matching mechanism in multi-TRP transmission, various channels/RSs are under discussion. Since multi-PDCCH scheme is designed for non-ideal backhaul, TRPs can have limited coordination, e.g. semi-persistent information exchange. Owing to this, some dynamic signals from one TRP may generate interference to another TRP. In general, the principle is that rate matching enhancement should balance between performance and overhead. In Rel-15, there’re already flexible rate matching mechanism, so more rate matching indication left to network implementation is preferred. For example, Rel-15 spec supports indication of # of CDM groups to be rate matched in DCI, so the TRP may or may not rate match around CDM group(s) occupied by another TRP. From [3], performance gain of DMRS rate matching compared to only rate matching around each TRP’s DMRS, is around 5%~7%. The overhead increase of DMRS rate matching is around 2.4% to 7.1%, varying with DMRS type, #of symbols. Therefore, DMRS rate matching can be left to network implementation through TRP coordination. Detailed analysis on enhancing rate matching mechanism can be found in [4].
3 Conclusion

This contribution gives detailed considerations on DL design for multiple PDCCH based NCJT. In summary, the following proposals and observations are made.
Observation 1: It is up to the NW implementation to configure multiple CORESETs with orthogonal frequency resources or different scrambling IDs for TRPs. 

Proposal 1: Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, if more than 3 CORESETs are configured. 

Proposal 2: Study the enhancement of CORESET design/configurations or restrictions to reduce PDCCH detection complexity for M-DCI NCJT, i.e. by configuring multiple CORESET groups each of which corresponds to one TRP.

Proposal 3: Support additional parameter Ap to be primitive root of 65537, if more than 3 CORESETs configured, such as {39828, 39840, 39853}.
Proposal 4: Each DCI of multi-DCI can implicitly indicate whether another DCI is present or not, in case of ideal backhaul.

Proposal 5: Support Alt2 to enhance RRC configurations to support two dataScramblingIdentityPDSCHs per BWP, and each dataScramblingIdentityPDSCH is associated with a CORESET group.
Proposal 6: Full/partial/non overlapped PDSCHs with mapping types A+A/A+B/B+B can be scheduled by two PDCCHs for multi-TRP transmission.

Proposal 7: From UE perspective, the UE should be indicated simultaneously by multiple PDCCHs with the same BWP id for intra-cell coordination, or the same BWP bandwidth configuration with respect to point A, BWP starting position and bandwidth for inter-cell coordination.

· When UE only receive one PDCCH with BWP switching indication, UE should start BWP switching according to the indication.

Proposal 8: When two timers are configured for 2 coordinated serving cells, rules of counting the time to fall back to default BWP should be defined.
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