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1 Introduction
In RAN1#94bis, the following agreement on multi-TRP transmission was achieved [1].

Agreement:
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.
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 views on the down selection based on last RAN1 meeting’s agreement, followed by general considerations on multiple PDCCH design with non-ideal backhaul, reliability/robustness enhancement based on multi-TRP transmission and single PDCCH design. 
2 Down selection for multi-TRP/panel transmission
In RAN1#94bis, three options were listed for multi-TRP transmission down selection. In this section, analysis is provided from aspects listed in the agreement.
· Backhaul latency: Both ideal backhaul and non-ideal backhaul are included in the MIMO WID for Rel-16. Multiple PDCCH design can be used for both ideal backhaul and non-ideal backhaul scenarios, but single PDCCH design cannot meet the requirement of non-ideal backhaul, as single PDCCH design requires more and time-stringent information exchanges among TRPs. Thus multiple PDCCH design can meet the targets of the WID, while single PDCCH design only fulfils a subset of WID objective.

· Downlink control overhead: Although it’s possible that a multiple PDCCH design may lead to greater downlink control overhead than single PDCCH design, the saved overhead in single PDCCH design will cost gNB scheduling flexibility. If the same flexibility in terms of PDSCH performance is set, the overheads are almost equal between two designs. Taking resource allocation field in DCI as an example, which consumes the most overhead in DCI, if resources of the PDSCHs from two TRPs need to be flexibly allocated, the DCI field in single PDCCH has to be extended. In this case the overheads of two designs have marginal difference. Hence we prefer, for fairness, DCI overhead should be considered under the constraint of equivalent flexibility.

· UE complexity: A Rel-15 UE with type B PDSCH scheduling needs to detect more than one PDCCH in a slot. The PDCCH detection complexity does not directly rely on the number of PDCCH which needs to be detected, but depends on the maximum number of monitored PDCCH candidates per slot per serving cell and the maximum number of non-overlapped CCEs per slot per serving cell. Consequently, supporting multiple PDCCH may not result in increase in UE complexity in NR.
· DCI/UCI design: Spec efforts appear to be small for independent multiple PDCCH design, as DCI formats in Rel-15 can be utilized as much as possible. UCI design for multi-TRP/panel may be more related to targeted deployment scenario, e.g. backhaul condition or FR1/FR2.
· Scheduler flexibility: Single PDCCH design requires stringent information exchange through backhaul. The flexibility of scheduler is restricted on gathering DL grant. Moreover, multiple PDCCH design can support more flexible scheduling design. For example, CWs can be flexibly scheduled from two TRPs without the restriction of CW-to-layer mapping of single TRP.
· Intra-UE PUCCH transmission: Considering non-ideal backhaul, independent PUCCH transmissions for HARQ ACK/NACK signalling associated with multiple PDSCHs are needed. For independent PUCCH transmissions, multiple PDCCH design is more suitable (e.g., power control, QCL indication).
· Rel-15 PDCCH blockage probability: Multiple PDCCH design can be used to improve the reliability of PDCCH reception. The blockage probability of PDCCH can be significantly lower with more than one serving TRPs. Moreover, detailed PDCCH design can also take blockage probability into account. For example, the performance of multiple PDCCH with dependence could be affected by the chance of blockage.
Moreover, benefits of multiple PDCCH design are not limited to supporting the WID objective of non-ideal backhaul scenario. It can also bring other benefits, e.g., improving the robustness of PDSCH transmission, contributing to lower PAPR of Rel-15 DMRS sequences, enabling smooth intra-cell mobility among TRPs, avoiding the limitation of CW-layer mapping for higher rank transmission, etc. 
Based on the above discussion, we propose to specify multiple PDCCH design in Rel-16 at least:
Proposal 1: To support multi-TRP/panel transmission at least for eMBB, either Alt1 or Alt2 with multi-PDCCH design is preferred, and slightly prefer Alt 1 considering Rel-16 work load.  

3 Design consideration for Rel-16 multi-TRP/panel enhancement
As discussed in Rel-15, non-coherent multi-TRP/panel transmission can improve UE performance, especially for cell-edge UEs. Some simulation results can be found in TR 38.802 [4] and R1-1703340 [5] for NCJT performance.

In RAN1 #94bis, the evaluation assumption for eMBB multi-TRP/panel enhancement was agreed [1]. Based on the evaluation assumption, Figure 1 presents the performance gain of NCJT multi-TRP scheme over the baseline with single TRP transmission. For multi-TRP NCJT transmission, the scheduling decision is independent between TRPs, which are not limited by any latency of backhaul condition. The MMSE-IRC receiver is used in SLS for both single-TRP baseline and multi-TRP NCJT scheme. The performance results in terms of 5% UPT, 50% UPT and mean UPT at 10%, 20% and 40% resource utilization (RU) are presented in Figure 1. Other parameters based on recently agreed simulation assumptions for multi-TRP/panel can be found in Table-I in Appendix. Moreover additional simulation results can be found in [6] for comparison and analysis of performance gain.  
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    Figure 1. Performance gain of NC-JT scheme over non-CoMP

In Figure 1, NCJT scheme has better performance than non-CoMP for all types of UPT, especially for the 5% UPT which has above 60% gain. It can be seen that NCJT has a significant gain over single TRP transmission, especially for cell edge UEs which benefit from multi-layers transmission from multiple TRPs, and smooth transition/switch among TRPs. 
Observation 1: NCJT scheme with multiple PDCCH/DCI can provide about 27%~39% cell average gain and about 61%~84% cell edge gain over non-CoMP transmission.
In following sections, we provide an overview on multiple PDCCH based multi-TRP/panel DL transmission, reliability/robustness based on multi-TRP/panel DL transmission and single PDCCH based multi-TRP/Panel DL transmission respectively following the categorization of FL summary in RAN1 #94bis meeting [7].

3.1 Multiple PDCCH based multi-TRP/Panel transmission with non-ideal backhaul
The agreement to support multi-DCI based multi-TRP transmission was reached in RAN1 meetings during the Rel-15 timeframe [9]. In Figure 2, two NR-PDCCHs schedule two corresponding NR-PDSCHs from two separate TRPs to a UE independently. Such feature is beneficial especially when different TRPs are connected by non-ideal backhaul, in which case  joint scheduling may not be feasible or extremely limited due to the large delay of information exchange, e.g. CSI/data/scheduling, among TRPs. As agreed in RAN1#93 meeting, the previous agreements in Rel-15 should be considered as a starting point for further releases [8]. From our point of view, following aspects should be taken into account when considering the multiple PDCCH design. 
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Figure 2. An illustration of multiple DCIs based multi-TRP transmission

· Multiple PDCCH detection at the UE side 
As agreed in Rel-15, the maximum supported number of NR-PDCCHs that a UE can expect to receive in a single slot is 2 [10]. Though a UE with type B PDSCH scheduling can detect more than one PDCCH in a slot in Rel-15, there are some restrictions for multi-DCI detection and PDCCH scheduling order in multi-TRP transmission with non-ideal backhaul. For example, if the UE is scheduled to start receiving a unicast PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive another unicast PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i. In addition, a UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot, which means it will be restricted that two TRPs schedule PDSCH with mapping type A for the UE with capability 3-5a. The above restrictions will affect the implementation and performance of multiple PDCCH based multi-TRP transmission with non-ideal backhaul.

In order to solve the above limitations and support independent scheduling without dynamic coordination between TRPs in non-ideal backhaul, multiple “PDCCH-config” should be introduced for multiple PDCCH based multi-TRP/Panel DL transmission. By introducing multiple “PDCCH-config”, multi-DCI detection and PDCCH scheduling order can be constrained per “PDCCH-config”, which can provide better support for multi-TRP transmission with non-ideal backhaul with relatively few spec impacts and good compatibility.

Moreover, UE will receive PDCCHs from multiple TRPs, which will increase the PDCCH number that the UE needs to detect. In order to guarantee the flexibility (e.g. candidate resources and TCI states) of PDCCH compared with single TRP case, it should be considered that whether additional CORESET, search space set and PDCCH blind detection are needed in Rel-16.

· Enhancements/restrictions of DCI fields and/or formats

In non-ideal backhaul scenario, two TRPs cannot be coordinated dynamically, but the scheduling of PDSCH is dynamic. In order to adapt dynamic scheduling with non-ideal backhaul, a UE should complete the demodulation of a PDSCH only based on PDCCH scheduling this PDSCH without dependency between multiple PDCCHs from different TRPs. Therefore, the UE can retrieve the complete scheduling information from each DCI. So independent multi-DCI should be supported for multiple PDCCH based design. In addition, independent multi-DCI can also avoid introducing new DCI format for the sake of specification complexity.

· ACK/NACK feedback

It may be necessary to reconsider the design of PUCCHs/PUSCHs conveying ACK/NACKs associated with multiple PDSCH transmissions and CSI reports. For multi-DCI based multi-TRP transmission over non-ideal backhaul, the following two approaches can be considered as starting points for the PUCCH design:  

• Single PUCCH approach: As shown in Figure 3(1), the ACK/NACK signalling of PDSCHs scheduled by multiple PDCCHs shares the same PUCCH transmission resource. However, this scheme may introduce ACK/NACK delay in non-ideal backhaul scenario.

• Multiple PUCCH approach: As shown in Figure 3(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 3. An illustration of PUCCH for ACK/NACK feedback
In terms of CSI feedback over non-ideal backhaul, similar to ACK/NACK feedback, there are also two approaches. All CSI reports can be aggregated and fed back to one TRP which will relay the CSI to the other TRP(s). However, the delay of the CSI reporting for targeted TRP due to non-ideal backhaul may cause performance loss. Alternatively, CSI reports can be fed back to each TRP independently to avoid the exchange of CSI report over the non-ideal backhaul. 

· HARQ process design

For multiple NR-PDCCHs reception, UE should receive data in multiple NR-PDSCHs with separate HARQ processes. An ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to confusions 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 4. So in order to solve this problem, the design of HARQ processes indicated by multiple DCIs should be considered in Rel-16. 
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Figure 4. An example of HARQ process ambiguity

· PDSCH resource allocation

For multi-DCI based transmission, the resource allocation method for multiple PDSCHs should be considered. If applying any restriction on RA, e.g. “full overlap” or “non-overlap” PRB among TRPs under a non-ideal backhaul, some semi-static time/frequency/space resource partition mechanism can be considered among TRPs. This mechanism is always sub-optimal compared to dynamic scheduling with independent RA on each TRP and complicated in terms of NW optimization.  The “Independent RA” should be considered for multi-DCI based transmission. “Independent RA” means no restriction on PRB allocations at each TRP, e.g. UE can receive full/partially/non-overlapped PRBs independently scheduled by two DCIs (NCJT).
· 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, based on Rel-15 specification, the scrambling sequences for PDSCHs from different TRPs in the same serving cell is the same for a UE, which may lead to persistent interference between PDSCHs. Hence, in order to whiten PDSCH interference among TRPs, introducing different scrambling sequences for PDSCHs from different TRPs can be considered.

Based on the above discussions, we have the following proposal:
Proposal 2: To support multiple PDCCH based multi-TRP transmission efficiently, following aspects should be considered:  

· Multiple PDCCH detection at the UE side
· Enhancements/restrictions of DCI fields and/or formats

· ACK/NACK feedback 
· HARQ process

· PDSCH resource allocation from multi-TRP
· Scrambling sequence randomization of PDSCH from multi-TRP
3.2  Reliability/Robustness enhancement with Multi-TRP/Panel for PDCCH/PDSCH transmission 

3.2.1 Design consideration for data channel reliability/robustness

Multi-TRP/panel transmission can also enhance channel reliability significantly. In this section, we provide an overview on how cooperative transmission from multiple TRP/panel assuming ideal backhaul can provide data transmission with improved reliability. 

· Scheme 1: Diversity based transmission with same DMRS ports from different TRPs (Baseline of Rel-15)
A straightforward way to achieve diversity based on multi-TRP/panel transmission is shown in Figure 5(a), which can be supported already in Rel.15 NR. In this scheme, multiple TRPs transmit exactly the same signal and the UE is transparent to 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. 

· Scheme 2: Diversity based transmission with different DMRS ports and RV 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. using different redundancy version (RV), from TRP 2 by using different DMRS port(s) as shown in Figure 5(b). Moreover, the scrambling sequences of PDSCHs from two TRPs can be different. Different versions of same data are received jointly and the UE can combine them at the physical layer. 
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Figure 5. A diagram of diversity based transmission

· Scheme 3: TDM-based Diversity transmission with PDSCH repetition from different TRPs
In R15, 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 time-frequency resource allocation. Moreover, the repetitions can be considered as automatic retransmissions since they can be associated with a sequence of redundancy versions indicated by DCI to allow soft combining of the PDSCH repetitions.  Furthermore, the repetitions are sent using the same TRP as shown in Figure 6 (a).    
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Figure 6: (a) PDSCH repetition transmitted from the same TRP in R15 (b) PDSCH repetition transmitted from different TRPs at different times
To further improve the PDSCH reliability in Rel16, the PDSCH repetition scheme with multiple TRPs, as shown in Figure 6 (b), should consider additional diversity in spatial domain. 
Observation 2: Multiple TRP/panels can transmit same data with different RV and/or TCI states at spatial and/or time domain, to enhance PDSCH reliability and robustness.
In R15, when there are PDSCH repetitions, i.e. aggregationFactorDL >1 is configured, single DCI is used to schedule the 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. Several options can be considered:

Option 1: multiple QCLs with the same QCL type should be allowed in one TCI state and can be used for multiple PDCCH repetitions from multiple TRPs. 
Option 2: one set of multiple TCI states can be configured by higher layer signaling. 

Option 3: multiple TCI configurations, each with multiple TCI states can be configured by higher layer signaling and a specific configuration is selected dynamically by DCI. 
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. 
3.2.2 Design consideration for improved Control Channel Reliability/Robustness
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Figure 7: PDCCH repetition transmitted from different TRPs at the same or different times

To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered. Similar to PDSCH reliability improvement, spatial diversity from multiple TRP transmissions combined with PDCCH repetition can be used to improve the PDCCH reliability. Figure 7 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times via e.g. joint transmission or time multiplexing scheme. The later can be considered as an extension of PDCCH time repetition scheme discussed in URLLC session using multiple TRPs. PDCCH repetitions sent from multiple TRPs using multiple CORESETs configured with different TCI states can be considered. 
To evaluate the performance of diversity based multi-TRP/panel transmission, link-level simulations for transmission Scheme 2, compared with baseline transmission Scheme 1, are provided in [11]. From the simulation, it can be observed that compared with baseline scheme of Rel15, spatial domain repetition with different RVs can provide significant performance gain, especially at higher MCS, even at low BLER region.
Based on the analysis and simulations discussed above, we have the following proposal:
Proposal 3: Diversity based multi-TRP/panel transmission for PDSCH/PDCCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains. The following aspects should be considered applicable to PDSCH and/or PDCCH

· Indication of the information associated with multiple TRPs, e.g. Multiple QCLs, RV version, DMRS port(s) and other parameters relevant to multiple TRPs, e.g. MCS, sequence initialization are not precluded

· Indication of the information using dynamic signaling and/or semi-static signaling and/or standard specification

· Indication of different schemes(e.g. multiplex or diversity) and corresponding UE behavior (other relevant aspects are not precluded)

3.3  Single PDCCH based multi-TRP/Panel transmission with ideal backhaul
The introduction of single DCI based multi-TRP transmission was also agreed in WG1 meeting during Rel-15 timeframe [9]. As shown in Figure 8, 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 and Rate matching indication can be considered, which can be found in [12] with further details. 
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Figure 8. An illustration of single DCI based multi-TRP transmission

Proposal 4: To support and specify single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping Two CWs to two or more layers of PDSCH

· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement
· Rate matching indication

4 Conclusion
This contribution provides our views on the down selection based on last meeting’s agreement and 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. 
Proposal 1: To support multi-TRP/panel transmission at least for eMBB, either Alt1 or Alt2 with multi-PDCCH design is preferred, and slightly prefer Alt 1 considering Rel-16 work load.  
Proposal 2: To support multiple PDCCH based multi-TRP transmission efficiently, following aspects should be considered:  

· Multiple PDCCH detection at the UE side

· Enhancements/restrictions of DCI fields and/or formats

· ACK/NACK feedback 

· HARQ process

· PDSCH resource allocation from multi-TRP

· Scrambling sequence randomization of PDSCH from multi-TRP

Proposal 3: Diversity based multi-TRP/panel transmission for PDSCH/PDCCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains. The following aspects should be considered applicable to PDSCH and/or PDCCH

· Indication of the information associated with multiple TRPs, e.g. Multiple QCLs, RV version, DMRS port(s) and other parameters relevant to multiple TRPs, e.g. MCS, sequence initialization are not precluded

· Indication of the information using dynamic signaling and/or semi-static signaling and/or standard specification

· Indication of different schemes(e.g. multiplex or diversity) and corresponding UE behavior (other relevant aspects are not precluded)

Proposal 4: To support and specify single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping Two CWs to two or more layers of PDSCH

· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement

· Rate matching indication

Observation 1: NCJT scheme with multiple PDCCH/DCI can provide about 27%~39% cell average gain and about 61%~84% cell edge gain over non-CoMP transmission.

Observation 2: Multiple TRP/panels can transmit same data with different RV and/or TCI states at spatial and/or time domain, to enhance PDSCH reliability and robustness.
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Appendix – Simulation parameters
Table-I System-level simulation parameters for PDSCH resource allocation

	Parameters
	Values

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

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	2/4GHz

	Simulation bandwidth
	10MHz

	Channel model
	SCM-3D-Uma

	BS Tx power 
	41dBm

	BS antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)λ 

	BS antenna height 
	25m

	UE antenna configurations 
	4Rx Port:
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	UE receiver noise figure
	9 dB

	Traffic model
	Non-full-buffer

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

	Traffic load 
	10%; 20%; 40%

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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