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1 Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB
Agreement
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH 
· UL control enhancement 
· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 
Agreement:

Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including

· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI

· Other enhancements are not excluded.

FFS: Non-ideal backhaul case
The WID for NR MIMO enhancements in Rel-16 was approved in RAN #80 meeting [2] and was further revised in RAN#81 [3], including the following objectives to enhance multi-TRP/panel transmission with both ideal and non-ideal backhaul: 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission

· Multi-TRP techniques for URLLC requirements are included in this WI.

In this contribution, we provide our consideration and design on multi-TRP transmission based on the last RAN1 meeting’s agreements, followed by multiple PDCCH design with non-ideal backhaul, reliability/robustness enhancement based on multi-TRP transmission and single PDCCH design. 
2 Design for multiple PDCCHs based multi-TRP/Panel transmission
Multi-DCI based multi-TRP transmission was agreed to be supported for eMBB in RAN1 meeting #95. In Figure 1, two NR-PDCCHs shall schedule two corresponding NR-PDSCHs from two separate TRPs to a UE independently. Such a feature is beneficial especially when different TRPs are connected by non-ideal backhaul, in which case  instantaneously joint scheduling may not be feasible or extremely limited due to the large delay of information exchange, e.g. CSI/data/scheduling among TRPs.  
[image: image1.emf] 

TRP1

DL Control

D

C

I

1

TRP2

D

a

t

a

2

D

a

t

a

1

DL Data

D

C

I

2


Figure 1. An illustration of multiple DCIs based multi-TRP transmission
For multiple-PDCCH based multi-TRP/panel DL transmission, some enhancements to be studied for eMBB was listed in RAN1 meeting #95 and are discussed as follows.
2.1 Downlink design for multiple PDCCHs based multi-TRP/Panel transmission

2.1.1 No/partial/full PDSCH overlapping at T/F domains

For PDSCH resource allocation, Figure 2 presents the performance gain of NCJT schemes with “Independent RA” and “Non-overlap RA” of resource allocations using rank 1 SU-MIMO over the baseline with single TRP SU-MIMO transmission. The performance in terms of 5% UPT, 50% UPT and mean UPT with 20% and 40% RU is presented in Figure 2. 
· Independent RA: No restriction PRB allocation per TRP, e.g. each UE can receive PRB allocation independently with two DCIs (NCJT) where PRB allocation can be fully/partial/non-overlapped PRBs from two TRPs, depending on independent scheduling decision per TRP. 
· Non-overlapped RA: Non-overlapped PRB allocation with pre-configured data resource pool per TRP.
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Figure 2. Performance of different resource allocation schemes over non-NCJT
In Figure 2, “Independent RA” scheme can show much better performance than “Non-overlap RA” scheme for all values of RU, e.g. for 5% UPT which has over 16.5% gain at 20% RU and about 16.1% gain at 40% RU. “Non-overlap RA” scheme has restrictions over resource allocation so that the NW cannot freely and fully use resources per TRP. In addition, due to the non-ideal backhaul, some pre-configurations on resource allocation for “Non-overlap RA” scheme is not suitable for dynamic scheduling. Therefore achieving orthogonal PRB allocations among TRP for a given UE can be also quite challenging for network implementation, which is similar with ICIC/eICIC in LTE, especially with non-ideal backhaul by which the NW cannot take into account the latest CSI and real-time PRB allocation from all TRPs. 

On the other hand, if assuming that PRB allocations are always fully overlapped among multiple TRPs, considering the non-ideal backhaul among TRPs, the gNB can only use semi-static scheduling for PDSCH and also cannot fully exploit channel frequency selectivity. Those restrictions will inevitably limit performance gain. 
Observation 1: Independent resource allocation can provide much better performance and flexibility than always non-overlapped or fully-overlapped resource allocation for multi-DCI based multi-TRP/panel transmission.
If implementing any restriction on RA, e.g. “fully overlap” or “non-overlap” PRB among TRPs, and also considering the condition of non-ideal backhaul, semi-static time/frequency/space resource partitions are needed among TRPs. Restrictions will lead to complicated NW optimization and seriously limit performance gain. Therefore we have following proposal: 

Proposal 1: Independent resource allocation per scheduled PDSCH should be supported for multi-DCI based multi-TRP/panel transmission, by which a UE may be scheduled with full/partially/non-overlapped PRBs by multi-DCI.
2.1.2 Independent DCI or dependent DCI 

Within a deployment scenario with non-ideal backhaul, two TRPs cannot be coordinated dynamically, but PDSCH scheduling per TRP shall be dynamic. Therefore a UE should complete the demodulation of a PDSCH only based on associated PDCCH without dependency/linkage among multiple PDCCHs from different TRPs. Therefore, the UE can retrieve a full scheduling information from each individual DCI. So independent multi-DCI should be supported. 
In addition, independent multi-DCI can also avoid introducing new DCI format for the sake of specification complexity and is suitable for both ideal/non-ideal backhaul, whereas “dependent DCI” design may require some modifications of Rel-15 DCI format/field and is only suitable for ideal backhaul. For the scenario with ideal backhaul, “dependent DCI” may be beneficial to mitigate UE BD complexity for multiple-DCI based multi-TRP/panel transmission. Detailed solution can be further discussed with some initial considerations shown in [4].
Based on above analysis, we have the following proposal.

Proposal 2: Independent DCI should be supported, at least for the scenario of non-ideal backhaul and Rel-15 DCI format/field can be re-used.
2.1.3 CORESET/search space configurations for multi-TRP reception 

In order to support independent scheduling without dynamic coordination among TRPs, separate “PDCCH-config” can be configured for PDCCH from each TRP. Due to the number of CORESETs are limited and search spaces can also be allocated to PDCCHs from different TRPs, by introducing multiple “PDCCH-config” configurations, both CORESET and search space can be allocated per TRP flexibly and coordinated among multiple TRPs semi-statically. In addition, multi-DCI detection can be constrained per “PDCCH-config”, which can better support multi-TRP transmission with non-ideal backhaul because of less spec impact and better backward compatibility. In order to support “PDCCH-config” configured for each TRP, multiple “PDCCH-config” configurations per BWP should be introduced. 

Proposal 3: In order to support independent scheduling without dynamic coordination among TRPs, multiple “PDCCH-config” configurations per BWP should be introduced for multi-DCI based multi-TRP/panel transmission with non-ideal backhaul.  

2.1.4 Other aspects on multi-DCI based multi-TRP/panel transmission
· The number of layers per PDSCH and the maximum number of layers across all coordinated TRPs

The number of layers per PDSCH and the maximal number of layers across all coordinated TRPs are related to the maximal number of CWs over scheduled PDSCHs per BWP per OFDM symbol. For multiple PDCCHs based design, if the maximal number of layers for each PDSCH from each coordinated TRP is same as NR Rel-15 (8 layers per PDSCH), up to 4 CWs per BWP per OFDM symbol may be possible, which will affect the buffer size and the cost of UE.

This issue was discussed in Rel-15 with a working assumption, i.e. in this case (Multiple PDCCHs), at most a total of 2 CWs over the scheduled NR-PDSCHs. So in R16, at most a total of 2 CWs over the scheduled PDSCHs per BWP per OFDM symbol is suitable.
· The maximum number of overlapped PDSCH per BWP per symbol

This issue is related to ‘the number of TRPs/panels used for simultaneous PDSCH transmission’, which was discussed in NR R15 and agreed as follows: “The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier”. It is still a valid assumption in our understanding for Rel-16.
Based on the above analysis, we have following proposal: 
Proposal 4:  The UE does not expected to receive more than 2 CWs for scheduled PDSCHs in Rel-16, if PDSCHs are partially or fully overlapping for multi-DCI based multi-TRP/panel transmission.
· PDSCH mapping types
Generally, PDSCH mapping type A is used for eMBB and PDSCH mapping type B is used for URLLC. In order to improve throughput and spectral efficiency, “PDSCH mapping type A + PDSCH mapping type A” for multi-TRP transmission should be supported at least. Other combinations like “PDSCH mapping type A + PDSCH mapping type B” and “PDSCH mapping type B + PDSCH mapping type B” can be studied further, e.g., potential usage and benefit.
Proposal 5: Receiving “PDSCH mapping type A + PDSCH mapping type A” simultaneously by the UE should be supported for multi-DCI based multi-TRP/panel transmission, and other combinations like “PDSCH mapping type A + PDSCH mapping type B” and “PDSCH mapping type B + PDSCH mapping type B” can be studied further.
· Rate matching mechanism 
For multi-TRP transmission, rate matching mechanism should be considered to avoid strong interference as much as possible from PDSCH transmitting from the coordinating TRP over RS and PDCCH transmitting from the serving TRP.

For P/SP-NZP-CSI-RS or P/SP-ZP-CSI-RS, due to semi-static interaction within the coordinated TRP set, one TRP knows resource allocation for P/SP-NZP-CSI-RS transmitting from another TRP through backhaul. Therefore a UE can perform rate matching according to existing Rel-15 NZP/ZP CSI-RS rate matching mechanism. 

For AP-NZP-CSI-RS, there is no rate matching in Rel-15. Therefore rate matching for AP-NZP-CSI-RS may not be needed in Rel-16 for multi-TRP/panel transmission.  For AP-ZP-CSI-RS, the UE shall perform rate matching following the DCI field “ZP CSI-RS trigger” in Rel-15 (the bitwidth of ZP CSI-RS trigger is 0, 1, or 2 bits, which is determined by the number of ZP CSI-RS resource sets in the higher layer parameter). The same mechanism can be reused for multiple-PDCCH based NCJT, by which each PDSCH should be rate matched around AP-ZP-CSI-RS strictly following associated PDCCH and DCI fields scheduling corresponding PDSCH.

For DMRS for PDSCH, one PDSCH should be rate matched around REs of DMRS of another PDSCH. The rate matching mechanism for multi-DCI can be supported by “CDM groups without data” from the DCI field “antenna port”. CDM groups indicated by “antenna port” in DCI corresponding to TRP1, is a subset of CDM groups indicated by “antenna port” in DCI corresponding to the TRP2.
Observation 2: Rate matching mechanism for DMRS and CSI-RS supported in Rel-15 can be re-used for multi-DCI based multi-TRP/panel transmission and performed at the basis of each DCI.
A rate matching pattern for PDCCH is indicated by the DCI field “rate matching indicator” and the high layer parameter “RateMatchPattern” and “RateMatchpatternGroup” in Rel-15. For multi-DCI based multi-TRP transmission with non-ideal backhaul, in order to avoid strong interference on PDCCH, candidate resources for PDCCHs of both TRPs should be always included in the “RateMatchPattern” that are not included in either of the two “RateMatchpatternGroup”s.  It means these candidate resources for PDCCHs should be always punched and causes the waste of resource. In order to reduce the overhead of PDCCH rate matching, rate matching for PDCCH should be considered in Rel-16. 
GC DCI (Format 2_1) is also used to indicate the pre-emption by URLLC for protecting eMBB UEs. Since resource allocation of multiple PDSCHs from multiple TRPs may be different, multiple PI fields may be needed. For example in Figure 3, URLLC only impacts PDSCH1, however, one PI is indicated for both PDSCH1 and PDSCH2 in current mechanism. 
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Figure 3. Multiplexing of eMBB and URLLC for NCJT

One simple way is to define multiple GC DCIs corresponding to multiple TRPs respectively. For example in Figure 4, 2 GC DCIs are associated with 2 PDSCHs from 2 TRPs respectively. In this case, a UE can determine whether the data buffer needs to be flushed only according to its associated GC DCI.
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Figure 4. Enhancement of PI fields indicated by 2 GC DCIs
Proposal 6: Rate matching for URLLC and eMBB multiplexing, and rate matching for multi-PDCCH should be considered for multi-DCI based multi-TRP/panel transmission.
· PDSCH scrambling  
PDSCH scrambling is an effective technique to randomize interference, which can avoid persistent interference from undesired signals. 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. For multi-DCI based NCJT, if following Rel-15 specification, the scrambling sequences for PDSCHs from different TRPs in the same serving cell will be the same for a UE, which may lead to persistent interference between PDSCHs. Based on above discussion, we have following proposal:
Proposal 7: Different scrambling sequences for PDSCHs from different TRPs can be considered.
· The number of BD/CCE for multi-TRP reception 
For multiple PDCCHs based multi-TRP transmission, UE can receive PDCCHs from multiple TRPs which schedule multiple corresponding NR-PDSCHs to the UE independently. In this case, the number of PDCCH detection per slot for a serving cell will be increased. In order to guarantee the flexibility of PDCCH assignment, it may be worth increasing the number of BD/CCEs.  For eMBB, multiple PDCCHs based multi-TRP transmission is supported to improve the downlink throughput and SE. In other words, “multiple PDCCHs” from different TRPs mainly refer to UE-specific PDCCH for downlink scheduling, so there is no need to linearly increase the number of BD/CCEs per slot for a single serving cell. 

Proposal 8: To support multiple PDCCHs for multi-DCI based multi-TRP/panel transmission, increasing the maximal number of BD/CCE per slot for a single serving cell can be considered. 
· CSI measurement enhancement for multi-TRP/panel transmission
In R15, some initial discussion about the CSI configuration for CSI measurement and reporting in multi-TRP case had been conducted in RAN1, but no consensus is achieved. The necessity and potential solutions of CSI measurement enhancement for eMBB multi-TRP transmission are discussed in [5]. 

For the case of multiple PDCCH based multi-TRP transmission, the typical use case is non-ideal backhaul. A random delay exists across multiple TRPs, and gNB has trouble in performing coordinated transmission. It is hard for gNB to perform joint CSI measurement and reporting due to the delays between TRPs. Furthermore, the benefit of joint CSI measurement and reporting is unclear. Therefore, independent CSI measurement and reporting is a baseline for the CSI enhancement in multiple PDCCH based multi-TRP transmission.
· RAN2 impact of multi-TRP transmission
Multi-TRP transmission has been discussed in RAN1#95 meeting, it has agreed that “For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16”. In order to analyses the RAN2 impact of multi-TRP transmission, four potential architectures of multi-TRP transmission are provided and analyzed in [6]. Based on the analysis, some potential architectures from Rel-15 may be re-used with a certain extent for multi-TRP transmission with non-ideal backhaul. The difference among these options is not very apparent with limited RAN2 impact. Based on the analysis, we have the following observation.

Observation 3: Multiple potential architectures from Rel-15 can be used as the starting point with limited RAN2 impact for supporting multi-DCI based multi-TRP/panel transmission with non-ideal backhaul.
2.2 Uplink design for multiple PDCCHs based multi-TRP/Panel transmission
2.2.1 UL ACK/NACK feedback for multiple TRP/panels 
It is necessary to reconsider the design of PUCCHs/PUSCHs conveying ACK/NACKs associated with multiple PDSCH transmissions and CSI reports in multi-DCI based multi-TRP transmission. For multi-DCI based multi-TRP transmission over non-ideal backhaul, following two approaches can be considered for the PUCCH design:  

• Single PUCCH approach: As shown in Figure 5(1), ACK/NACK signalling of PDSCHs scheduled by multiple PDCCHs shares the same PUCCH transmission resource. However, this scheme may introduce ACK/NACK delay in a non-ideal backhaul scenario and inter-TRP scheduling coordination of PUCCH resources.

• Multiple PUCCH approach: As shown in Figure 5(2), the independent PUCCH transmission for HARQ ACK/NACK signalling associated with each of multiple PDSCHs is considered, which means there is one-to-one mapping between PUCCH conveying HARQ ACK/NACK signalling and PDCCH/PDSCH. In this case, HARQ ACK/NACK related PUCCH resource corresponding to each PDSCH is indicated in the corresponding DCI.
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Figure 5. An illustration of PUCCH for ACK/NACK feedback
· Separated A/N payload/DAI for PDSCH transmitted by different resources
Considering non-ideal backhaul, separate A/N feedback should be supported for multiple PDCCH design, which can avoid A/N delay for a TRP (e.g. TRP2) by considering following issues:
· PUCCH resources for A/N feedback
In NR R15, UE determines the PUCCH-ResourceSet for UL transmission by the UCI payload (number of UCI bits) and then determines the PUCCH resource in the PUCCH-ResourceSet by DCI indicator (PUCCH resource indicator in DCI). For separated A/N feedback, UE transmits A/N in separate PUCCHs, it may be ambiguous for UE to determine the PUCCH resource for same “number of UCI bits + PUCCH resource indicator in DCI” corresponding to two TRPs.  
To support independent scheduling without dynamic coordination between TRPs, multiple “PDCCH-config” can be configured per BWP per cell as we discuss in section 2.1.3. Moreover, in order to solve the ambiguity of PUCCH resource allocation of A/N feedback, and guarantee the linkage between A/N and corresponding TRP, separate “PUCCH-config” associated with respective “PDCCH-config” can be introduced and “PUCCH-config” configurations indicate orthogonal PUCCH resources. UE determines PUCCH resources for A/N considering the number of UCI bits, PUCCH resource indicator in DCI, and also the index of PDCCH-config.
· DAI for HARQ-ACK codebook
For HARQ-ACK codebook determination, DAI in DCI is used to indicate the location of HARQ-ACK information bit in the codebook. Therefore for multi-DCI based transmission for non-ideal backhaul, two TRPs transmit PDCCHs independently with independent DAIs so that UE does not know how to apply the ACK/NACK into specific HARQ-ACK codebook.
In order to ensure correct mapping between ACK/NACK and HARQ-ACK codebook, “PDCCH-config” can be used to distinguish the HARQ-ACK codebook. Once a UE has decoded a PDSCH, it will confirm the HARQ-ACK codebook for the A/N associated to that PDSCH, based on the linkage between HARQ-ACK codebook and “PDCCH-config”. For example, PDSCH #1 is scheduled by PDCCH #1, and PDCCH #1 is configured by “PDCCH-config #1” which is associated with HARQ-ACK codebook #1, so the A/N of PDSCH #1 should be put into HARQ-ACK codebook #1
Proposal 9: Separated A/N feedback for each TRP should be supported for multi-DCI based multi-TRP/panel transmission by multiple “PUCCH-config”. For PUCCH resource for A/N feedback, multiple “PUCCH-config” can be associated with multiple PDCCH-config including orthogonal candidate PUCCH resources and for DAI for HARQ-ACK codebook, "PDCCH-config” can be used to distinguish associated HARQ-ACK codebook.
· Intra-UE A/N and PUSCH overlapping at time domain
In NR Rel-15, if a UE has a PUSCH transmission that overlaps with a PUCCH transmission containing HARQ-ACK information and conditions in Sub-clause 9.2.5 of TS38.213 for multiplexing the UCI in the PUSCH are fulfilled as well, the UE shall multiplex the HARQ-ACK information with PUSCH. However in multi-DCI based transmission, UE will feedback ACK/NACK to different TRP independently. In this case, if PUSCH overlaps with PUCCH, UE does not know whether to put ACK/NACK into PUSCH or not.
In order to solve this problem, some rules could be introduced. For example, if A/N and PUSCH can be associated with the same RRC parameter (e.g. “PDCCH-config”), which means A/N and PUSCH are transmitted to the same TRP, the HARQ-ACK can be multiplied into PUSCH as Rel-15. 
If A/N and PUSCH cannot be associated with the same RRC parameter (e.g. “PDCCH-config”), there are two possible options:

1) Although the NW implementation can avoid PUSCH overlapping with PUCCH containing HARQ -ACK as much as possible, if HARQ-ACK and PUSCH are transmitted for different TRPs and overlapped, the UE will drop PUSCH and HARQ-ACK should be transmitted over PUCCH without multiplexing on PUSCH;

2) Alternatively, UE will transmit HARQ-ACK and PUSCH simultaneously by different spatial layers or UE antennas. 
However considering that simultaneous transmission for UL A/N and PUSCH may introduce higher PAPR and have implementation complexity of correcting time/frequency delay, we prefer slightly the simple dropping rule as following: 
Proposal 10: In order to handle intra-UE A/N and PUSCH overlapping for multiple PDCCHs design, the following rule could be adopted.
· If A/N and PUSCH can be associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted with multiplexing over PUSCH as Rel-15
· If A/N and PUSCH cannot be associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted over PUCCH without multiplexing on PUSCH. 
2.2.2 HARQ enhancement 
For multiple NR-PDCCHs reception, UE should receive multiple associated NR-PDSCHs with separate HARQ processes. The ambiguity of HARQ process number indicated by multiple NR-PDCCHs may lead to confusion in HARQ related operations. For example, if two DCIs indicate the same HARQ IDs, the UE cannot distinguish PDSCHs scheduled by different DCIs in UE’s HARQ process, as shown in Figure 6. 
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Figure 6. An example of HARQ process ambiguity
For multiple NR-PDCCHs, UE should receive data through multiple NR-PDSCHs with separate HARQ processes. In order to achieve this goal, a direct way is to allocate HARQ ID between TRPs, e.g. TRP1 using ID 0~7 and TRP 2 using ID 8~15. By this way, only 8 HARQ processes can be used for each TRP, which reduces the maximum buffer size of UE compared with single DCI design which will reduce the performance in some Uplink/Downlink TDD configurations, which was discussed in LTE [7]. For example, for “9DL: 1UL” TDD configuration, 15 HARQ processes are needed in LTE. For NR, even assuming UE detection PDSCH in slot n and can feed back ACK/NACK in slot n+1, 9 HARQ processes number are needed.

In order to ensure UE receiving data in multiple NR-PDSCHs with separate HARQ processes and avoid to reduce the maximum buffer size, a direct way is to increase the number of HARQ IDs, e.g. 16(32. But this method will increase the number bits of HARQ process ID in DCI. In order to maintain consistency of the maximum buffer size of the UE without introducing new DCI format, HARQ process ID and other parameter (e.g. PDCCH-config) can be used to distinguish HARQ process. For example, PDSCH #1 is associated with HARQ ID #1 scheduled by PDCCH #1, and PDSCH #2 is also associated with HARQ ID #1 scheduled by PDCCH #2. PDCCH #1 is configured by “PDCCH-config #1” and PDCCH #2 is configured by “PDCCH-config #2”, so even PDSCH #1 and PDSCH #2 have the same HARQ ID, “PDCCH-config” can be used to distinguish HARQ process. Based on the above analysis, we have following proposal:
Proposal 11: In order to use the maximal buffer size of the UE, HARQ process for multi-DCI based multi-TRP/panel transmission should be enhanced by use “PDCCH-config” to distinguish HARQ processes for scheduled PDSCHs.  

3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission

3.1 Reliability/Robustness enhancement with Multi-TRP/Panel for PDSCH
Multi-TRP/panel transmission can enhance channel reliability significantly. In this section, we provide an overview on how cooperative transmission from multiple TRPs/panels with ideal backhaul can provide data transmission with improved reliability. 

· Rel-15 PDSCH time repetition

In Rel-15, the PDSCH repetition has been supported to improve PDSCH reliability but was limited to a single transmission layer. The number of repetitions can be configured by higher layer parameter aggregationFactorDL with possible values of 2, 4, and 8. The PDSCH repetitions are transmitted across consecutive slots using the same symbol and frequency resource allocation. Moreover, the repetitions can be considered as automatic retransmissions since they are associated with a sequence of redundancy versions according to the RV index indicated by DCI and the default RV repetition pattern in Table 5.1.2.1-2 of 38.214 to allow soft combining of the PDSCH repetitions.  Furthermore, the repetitions are sent from the same TRP as shown in Figure 7.
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Figure 7: PDSCH repetition transmitted from the same TRP in Rel-15
· Scheme 1: Diversity based transmission with same DMRS ports from different TRPs (supported transparently in Rel-15)
A straightforward way to achieve diversity based on multi-TRP/panel transmission is shown in Figure 8, which can be supported already in Rel-15 NR. In this scheme, multiple TRPs transmit exactly the same signal on the same time-frequency resource and it is transparent to the UE whether a received signal is from a single TRP or multiple TRPs. Moreover, TRP 1 and TRP 2 can perform pre-coding of respective PDSCH transmission but with cooperative scheduling decisions. Intuitively, two completely identical signals from two TRPs can provide diversity gain with enhanced signal power. However, such diversity gain largely depends on the transmission delays of the two TRPs. In some particular cases, the combination of the two signals may not necessarily obtain power enhancement. For example, under LOS channel, when the phases of two signals from the two TRPs/Panels have an offset of ½ wavelength, the two signals will be eliminated mutually.  
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Figure 8: A diagram of diversity based transmission scheme 1
· Scheme 2: Diversity based transmission with different DMRS ports and RVs from different TRPs

An enhanced diversity based transmission scheme can be obtained by extending the design of transmission scheme 1. In transmission scheme 2, the UE may receive one data stream from TRP 1 and also a modified version of the data stream, e.g. different redundancy version (RV), from TRP 2 by using different DMRS port(s) as shown in Figure 9. Moreover, the scrambling sequences of PDSCHs from two TRPs can be different. Different versions of the same data are received jointly at the same time-frequency resources and the UE can combine them at the physical layer, using HARQ-like combining operation, which can provide coding gain from repetition. If the number of repetitions, N is configured to be larger than the number of TRPs S, the subsequent repetitions, i.e. the next S repetitions are simultaneously transmitted from the S TRPs in the next time instant. Under this case, time domain repetition (i.e., slot aggregation) can be performed in combination with above spatial domain repetition from multiple TRPs for quick collection of RVs to enhance the reliability and reduce the latency of data transmission.
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Figure 9: A diagram of diversity based transmission scheme 2

· Benefits of scheme 2, compared to Rel-15 PDSCH repetition from one TRP 

· Exploit spatial diversity as the TB repetitions are transmitted from different TRPs
· Efficient resource utilization while providing reliability, due to the same time and frequency resource is used for the TB repetition 

· Low latency because the TB repetitions are transmitted at the same time

· Support system with high load/more UEs due to efficient use of resources
· Scheme 3: TDM-based Diversity transmission with PDSCH repetition from different TRPs
To further improve the PDSCH reliability of Rel-15 PDSCH repetition in Rel-16, the repetition scheme with multiple TRPs, as shown in Figure 10, could be considered, where the repetitions are transmitted from multiple TRPs, e.g. via TCI-states cycling or other TCI-state patterns. To avoid strong interference, for very high reliability use cases, while one TRP is transmitting one repetition, other cooperating TRPs would mute at the allocated resource, and vice versa. The time allocation can be kept in slot-based aggregation as in Rel-15, or in mini-slot based repetitions to reduce latency. 
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Figure 10: PDSCH repetition transmitted from different TRPs at different times

· Benefits/features of scheme 3, compared to Rel-15 PDSCH repetition from one TRP: 

· Exploit spatial diversity as the TB repetitions are transmitted from different TRPs

· Provide very high reliability because there is no strong interference from coordinated TRPs, due to muting. Though the time repetition scheme can induce extra delay, arguably, it can still satisfy stringent latency requirements, by using either large subcarrier spacing, and/or mini-slot based repetition within a slot
· Minimal standard effort, since it generalizes from the Rel-15 PDSCH time repetition from one TRP, defining time/frequency resources of the repetitions using a single DCI. On the other hand, if the repetition is performed in frequency domain, more standard effort is required to indicate the resources for different repetitions, especially when a single DCI is used.  
· Suitable for FR2. As a time gap is required for beam switching in FR2, the time repetition scheme is well suitable for FR2. Moreover, it can be considered as the unified scheme for both FR1 and FR2.  
Based on the discussion of schemes 2 and 3, besides the improved reliability of PDSCH in general, two schemes provide benefits in different aspects, for example scheme 2 has efficient use of resources from multiple TRPs, while scheme 3 can provide very high reliability. Therefore, both schemes should be supported for different scenarios, e.g. scheme 2 is used in high load/large packet scenario with moderate reliability requirement, while scheme 3 is used towards a very high reliability requirement with small packet size.  
Observation 4: Both PDSCH TB repetition using multiple TRP/panels with fully overlapped resources and TB repetition with non-overlapping resources at different times can efficiently improve and provide high reliability.   
· The number of TRP/panel/beams
As the number of TRPs/panels/beams affects the number of measurements and/or feedbacks a UE need to perform/send which affects the UE cost. Therefore, the number of TRPs/panels/beams per BWP should be 2, unless more than 2 can show significant gain. This also aligns with that for the NCJT.  

· Configuration/indication mechanism of TB repetition

Considering to support both schemes 2 and 3, a higher layer signaling can be used to configure which scheme to be used. Moreover, the number of the repetitions can be indicated via such signaling similar to current slot aggregation scheme in Rel-15, where the value of aggregationFactorDL indicates the number of repetitions in time domain.. Depending on the selected scheme, the mapping between the repetitions/transmissions with the time-frequency resources, as well as TCI states/QCLs and RVs can be established.  

· Scheme 2: this scheme can be considered as repetition in space and time domain, where the n-th transmission, n=0, 1,…N-1 is associated with spatial relevant information (e.g. multiple TCI states/QCLs) first, and then with time instants. For example, if there are S TCI states/QCL info where S<N, the first S transmissions are transmitted simultaneously at time t0, and the next S transmissions are transmitted simultaneously at time t1 (where t0 < t1), and so on, until the Nth transmission is reached. Each set of S transmissions is associated with multiple TCI states/QCL info configured by the gNB in a particular order, e.g. in an increasing order. This scheme can be denoted as SSTT scheme, based on the fact that the TB repetition happens in spatial domain before the time domain.  If S=N, then this scheme can be considered to be the repetition in spatial domain only, or denoted as SS. 

· Scheme 3: this scheme can be considered as repetition in time first, where the n-th transmission or transmission occasion, n=0, 1,…N-1 is associated with time instants, t0 < t1 <…<t_N-1, and then spatial hopping is done over the repetitions. This scheme can be denoted as TTSS scheme, based on the fact that the TB repetition happens in time domain before the spatial domain.  For a given RV sequence, a RV used for each repetition/transmission, can be mapped similar to Rel-15, i.e. rv_id = RV (i) if n mod 4 = i to be applied to the nth repetition/transmission occasion. The possible RV sequences can be updated from Rel-15, e.g. adding/substituting with sequences 0000, 0321, to allow the self-decidable RVs (i.e. 0, 3) to be transmitted from different TRPs, if TCI-state cyclic is used, or used as early in the repetition as possible, helping in case there is a fast ACK feedback to terminate the rest of the repetitions to efficiently use the resources.        
In R15, when there are PDSCH repetitions, i.e. aggregationFactorDL >1 is configured, a single DCI is used to schedule PDSCH repetitions sent from one TRP, where there is only one TCI state to provide QCL information associated with the TRP. With PDSCH repetition using multiple TRPs, the indication of multiple QCLs for multiple TRPs should be considered. The indication of multiple QCL information can be aligned with the design of that for the single DCI for NCJT. Moreover, the indication of DMRS port(s) used for PDSCH repetition should be considered. Other parameters which are relevant or depend on different links from multiple TRPs e.g. MCS, DMRS sequence initialization, can also be considered if need. UE behavior should be clarified for associated QCL information with repetition.
Link-level simulation results for transmission Schemes 2 and 3 are provided in [8], showing the gains over Rel-15 PDSCH repetition baselines. This illustrates that the spatial diversity offered by multi-TRP transmission, can further enhance the reliability. 
Proposal 12: R16 supports PDSCH repetition of the same TB over multiple TRPs/panels/beams

· The number of TRPs/panels/beams per BWP is 2

· The spatial and/or time domain repetition schemes, either the repetitions on the spatial domain first or time domain first, should both be supported by enhancing indication mechanism of TCI/RV/DMRS ports and other relevant information to the UE, and also respective UE behavior. 
3.2 Reliability/Robustness enhancement with Multi-TRP/Panel for PDCCH/PUSCH/PUCCH
The reliability/robustness enhancement with Multi-TRP/Panel for PDCCH, PUSCH and PUCCH was also for study. For PDCCH, with the same number of total CCEs, PDCCH repetition with a lower AL from multiple TRPs using with or without soft combining has higher reliability than PDCCH using higher AL without repetition, due to spatial diversity. Moreover, the repetition combined by soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. For PUSCH, to improve the reliability/robustness of PUSCH repetition, precoder-cycling of multiple precoder can be considered for PUSCH slot aggregation. Further details of reliability enhancement based on multi-TRP/panel transmission can be found in [9]. 

4 Design for single PDCCH based multi-TRP/Panel transmission

Single DCI based multi-TRP transmission was also agreed in RAN1 meeting #95. As shown in Figure 11, single NR-PDCCH schedules single NR-PDSCH where different layers can be transmitted from separate TRPs with same PRB allocation. For single PDCCH based multi-TRP/Panel transmission, CW to layer mapping, QCL enhancement, DMRS port indication should be enhanced in Rel-16, which can be found in [4] and [10] with further details. 
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Figure 11. An illustration of single DCI based multi-TRP transmission

Proposal 13: For single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping two CWs into two/three/fours layers of PDSCH transmission 
· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement

5 Conclusion
This contribution gives general considerations on multiple PDCCH design, reliability/robustness transmission based on multiple TRPs and single PDCCH design. In summary, the following proposals and observations are made.
· For downlink design for multiple PDCCHs based multi-TRP/panel transmission in Rel-16, we have the following observations and proposals: 

Observation 1: Independent resource allocation can provide much better performance and flexibility than always non-overlapped or fully-overlapped resource allocation for multi-DCI based multi-TRP/panel transmission.
Observation 2: Rate matching mechanism for DMRS and CSI-RS supported in Rel-15 can be re-used for multi-DCI based multi-TRP/panel transmission and performed at the basis of each DCI.
Observation 3: Multiple potential architectures from Rel-15 can be used as the starting point with limited RAN2 impact for supporting multi-DCI based multi-TRP/panel transmission with non-ideal backhaul.
Proposal 1: Independent resource allocation per scheduled PDSCH should be supported for multi-DCI based multi-TRP/panel transmission, by which a UE may be scheduled with full/partially/non-overlapped PRBs by multi-DCI.
Proposal 2: Independent DCI should be supported, at least for the scenario of non-ideal backhaul and Rel-15 DCI format/field can be re-used.
Proposal 3: In order to support independent scheduling without dynamic coordination among TRPs, multiple “PDCCH-config” configurations per BWP should be introduced for multi-DCI based multi-TRP/panel transmission with non-ideal backhaul.   

Proposal 4:  The UE does not expected to receive more than 2 CWs for scheduled PDSCHs in Rel-16, if PDSCHs are partially or fully overlapping for multi-DCI based multi-TRP/panel transmission.
Proposal 5: Receiving “PDSCH mapping type A + PDSCH mapping type A” simultaneously by the UE should be supported for multi-DCI based multi-TRP/panel transmission, and other combinations like “PDSCH mapping type A + PDSCH mapping type B” and “PDSCH mapping type B + PDSCH mapping type B” can be studied further.
Proposal 6: Rate matching for URLLC and eMBB multiplexing, and rate matching for multi-PDCCH should be considered for multi-DCI based multi-TRP/panel transmission.
Proposal 7: Different scrambling sequences for PDSCHs from different TRPs can be considered
Proposal 8: To support multiple PDCCHs for multi-DCI based multi-TRP/panel transmission, increasing the maximal number of BD/CCE per slot for a single serving cell can be considered. 
· For uplink design for multiple PDCCHs based multi-TRP/panel transmission in Rel-16, we have the following proposals: 

Proposal 9: Separated A/N feedback for each TRP should be supported for multi-DCI based multi-TRP/panel transmission by multiple “PUCCH-config”. For PUCCH resource for A/N feedback, multiple “PUCCH-config” can be associated with multiple PDCCH-config including orthogonal candidate PUCCH resources and for DAI for HARQ-ACK codebook, "PDCCH-config” can be used to distinguish associated HARQ-ACK codebook.
Proposal 10: In order to handle intra-UE A/N and PUSCH overlapping for multiple PDCCHs design, the following rule could be adopted.
· If A/N and PUSCH can be associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted with multiplexing over PUSCH as Rel-15
· If A/N and PUSCH cannot be associated with the same RRC parameter (e.g. PDCCH-config), HARQ-ACK should be transmitted over PUCCH without multiplexing on PUSCH. 

Proposal 11: In order to use the maximal buffer size of the UE, HARQ process for multi-DCI based multi-TRP/panel transmission should be enhanced by use “PDCCH-config” to distinguish HARQ processes for scheduled PDSCHs.  
· For Reliability/Robustness enhancement with Multi-TRP/Panel transmission, we have the following observation and proposal: 

Observation 4: Both PDSCH TB repetition using multiple TRP/panels with fully overlapped resources and TB repetition with non-overlapping resources at different times can efficiently improve and provide high reliability.   
Proposal 12: R16 supports PDSCH repetition of the same TB over multiple TRPs/panels/beams

· The number of TRPs/panels/beams per BWP is 2

· The spatial and/or time domain repetition schemes, either the repetitions on the spatial domain first or time domain first, should both be supported by enhancing indication mechanism of TCI/RV/DMRS ports and other relevant information to the UE, and also respective UE behavior. 
For single PDCCH based multi-TRP/Panel transmission, we have the following proposal: 

Proposal 13: For single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping two CWs into two/three/fours layers of PDSCH transmission 
· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement
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Appendix
Table-I System-level simulation parameters

	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	SCM-3D-Uma

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) =  (2, 4, 2, 1, 1) /(2,2,2,1,1) ; (dH,dV) = (0.5, 0.8)λ

	BS antenna height 
	25m

	UE antenna configurations 
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)/(1, 2, 2, 1, 1); dH = 0.5λ; The polarization angles are 0 and 90

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-full-buffer

	UE distribution
	80% Indoor, 3km/h;20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Ideal

	MIMO mode
	SU-MIMO/MU-MIMO with rank adaptation


RV0, DMRS port 0
RV0, DMRS port 0
Time
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