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1 Introduction
In NR Rel-15, 3GPP has made significant progress for supporting some basic operations of multi-TRP/panel, such as Coordinated Scheduling (CS)/Coordinated Beamforming (CB), DPS/DPB and multi-panel transmission based on multi-panel codebook. However, these operations cannot satisfy practical scenarios with non-ideal backhaul or support further improvement of cell-edge/cell-average performance with better network coordination in future. It is well known that CS/CB and DPS/DPB mainly target at cell edge performance with only small/moderate cell average performance gain. To address the above issue, the following agreements were achieved in Rel-15 while not being further discussed due to time limitation, for example: 

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier [1]

· At most a total of 2 CWs over the scheduled NR-PDSCHs
Based on the summary of companies’ views on Rel-16 work for NR MIMO enhancements in the email discussion [2], in which twenty companies shared their view on NR MIMO enhancements, fifteen of them supported multi-TRP/multi- panel for RAN1 work in Rel-16 and multi-TRP/panel should be a high priority issue in Rel-16. To reduce the workload of Rel-16, the discussion of multi-TRP/panel should be based on the agreements achieved in Rel-15. 
In this contribution, the overview on the potential issues for multi-TRP/panel transmission should be addressed in Rel-16 is provided as follows. 
2 Discussion
A lot of researches and studies of multi-TRP/panel transmission have been done in Rel-15, and many simulation results were provided to show the performance gain of multi-TRP/panel transmission like NCJT. Some of the results are captured in TR 38.802 [3]. For example, Figure 1 illustrates some system level simulation results of NCJT, which comes from R1-1703340 [4]. It can be seen that for both SU-MIMO and MU-MIMO, NC-JT has a significant gain over single TRP transmission, especially for cell edge UEs. Simulation parameters and more simulation results can be found in [3, 4].
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Figure 1: Performance gain of NC-JT scheme with dynamic LA over the baseline using CL 
Moreover, in Rel-15, multi-TRP/panel had been widely discussed and many agreements have been achieved, e.g., the following schemes is agreed for NR reception. 

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP

In this section, based on the agreements achieved in Rel-15, the potential issues for multi-TRP/panel transmission should be addressed in Rel-16 is provided.
2.1 Multi-DCI based multi-TRP/panel transmission

RAN1 had agreed to support multi-DCI based multi-TRP transmission. As shown in Figure 2, multiple NR-PDCCHs schedule NR-PDSCHs respectively and each NR-PDSCH is sent from a separate TRP. Such feature is beneficial especially when different TRPs are interconnected by non-ideal backhaul, since joint scheduling may not be feasible due to the delay of data/CSI exchange among TRPs.
Due to Rel-15 time limitation, in 3GPP RAN Meeting #77, discussion on multi-TRP transmission using multiple PDCCHs is de-prioritized. Considering the benefit of multiple DCIs based multi-TRP/panel transmission especially for non-ideal backhaul, Rel-16 shall start from Rel-15 agreements and finalize remaining issues to enable multi-DCI based multi-TRP/panel transmission.

[image: image3.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 2. An illustration of multiple DCIs based multi-TRP transmission
2.1.1 UE procedure of NR-PDCCH detection

In order to support multi-DCI based multi-TRP/panel transmission, NR had enabled multiple NR-PDCCHs that a UE can be expected to receive in a single slot in Rel-15, where the maximum supported number of NR-PDCCHs that a UE can be expected to receive in a single slot is agreed to be 2[1]. Thus the UE behaviour of NR-PDCCHs detection would also be affected and should be specified. UE would not know when to stop blind detection if the default number of NR-PDCCHs a UE expected to decode is not known at UE side.
2.1.2 MAC entity number per cell for multi-DCI based NCJT

A UE can receive multiple independently scheduled data streams from different TRPs in multiple-DCI based multi-TRP/panel transmission. In order to support independent scheduled data streams from different TRPs within same NR cell in the case of non-ideal backhaul, the current UE protocol stack should be changed. There are two possible approaches to support independent scheduling in non-ideal backhaul, as shown in Figure 3. 
1) Single MAC entity per cell to support independent scheduled data streams from different TRPs; 
2) Multiple MAC entities per cell, a correspondence between the number of NR-PDCCHs and the number of MAC entities observable by the UE where each MAC has its own data scheduling corresponding to each connection.
The number of MAC entities number per cell for multi-DCI based NCJT has impacts on both RAN2 and RAN1 and should be specified in Rel-16.
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(1) Single MAC entity per cell                         (2) Multiple MAC entities per cell
Figure 3. A diagram of MAC entity number per cell
2.1.3 HARQ process design

For multiple NR-PDCCHs reception, UE should handle data in different NR-PDSCHs in separate HARQ process, otherwise the ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to errors in HARQ related operations. However, if the two DCIs indicates the same HARQ ID, the UE will cannot distinguish the PDSCHs scheduled by different DCIs and have confusion in the HARQ process, as shown in Figure 4. 
So in order to ensure the UE behaviour to distinguish NR-PDCCHs scheduling NR-PDSCHs from different TRPs and handle the NR-PDSCHs properly in corresponding HARQ process sets, the HARQ processes indicated by multiple DCIs should be specified. 
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Figure 4. An example of HARQ process ambiguity
2.1.4 UL transmission for ACK/NACK
It is necessary to determine the number of PUCCHs, which may be a precondition of detailed design for uplink control channel of multi-DCI based multi-TRP/panel transmission. For the transmission of multiple PDCCHs and corresponding multiple PDSCHs, the following two approaches can be considered for PUCCH transmission of HARQ ACK/NACK signalling. 

• Single-PUCCH approach: As shown in Figure 5(1), the ACK/NACK signalling of PDSCHs scheduled by multiple PDCCHs shares the same PUCCH transmission resource. In this case, UE may be confused if two DCIs indicate different PUCCH resources, which is a problem to solve.

• Multi-PUCCH approach: As shown in Figure 5(2), in this approach, the independent PUCCH transmission for HARQ ACK/NACK signalling associated with each of multiple PDSCHs can be considered,  which means there is one-to-one mapping between PUCCH for 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. A problem of PUCCH resource collision should be considered due to the possible non-ideal backhaul.

For the number of PUSCHs, similar as PUCCH, it’s necessary to determine whether a UE can transmit two PUSCHs towards different TRPs in a single slot. 
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Figure 5. An illustration of PUCCH for ACK/NACK feedback
2.1.5 Data scrambling

For multi-DCI based non-coherent JT, based on the current NR specification, the scrambling sequence for PDSCHs from different TRPs would be the same for a UE. In this way, it would not satisfy the need of interference randomization. So in order to whiten interference, the scrambling sequences for PDSCHs scheduled by different DCIs in same slot should be specified.
As analysed above, in order to finalize and enable multiple DCIs based multi-TRP/panel transmission, we have the following proposal.
Proposal 1: For multi-DCI based multi-TRP/panel transmission, at least the following aspects should be specified.

· UE procedure of NR-PDCCH detection

· MAC entity number per cell
· HARQ process distinction

· UL transmission for ACK/NACK

· Data scrambling
2.2 Single DCI based multi-TRP/panel transmission
RAN1 had agreed to support single DCI based multi-TRP transmission. As shown in Figure 6, single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs. There are many discussion and agreements for single DCI based multi-TRP/panel transmission in Rel-15. However, due to Rel-15 time limitation, some discussions for single DCI based multi-TRP/panel transmission had no conclusion. Rel-16 shall start from Rel-15 agreements and discussions to enhance the performance of single DCI based multi-TRP/panel transmission.
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Figure 6. An illustration of single DCI based multi-TRP transmission

2.2.1 CW to layer mapping 
Under the use cases of single DCI based NCJT (non-coherent joint transmission), if the number of total data layers L is no more than 4 for a UE, according to the current CW to layer mapping scheme in Rel-15, only 1 codeword can be scheduled for the UE. Different layers of the UE may be from different TRPs, in which case the antenna ports (DMRS ports) of different TRPs are considered as non-QCLed, and the channel quality can be very different for the two links. 

In such cases, a common CQI and MCS are not sufficient to tell the difference of these two links. If the CQI and MCS are calculated to meet the better quality link, the link with poor quality may have a high probability of decoding error. But if the CQI and MCS are adjusted to meet the channel condition of the link with poor quality, then the overall system performance is far from expectation. 

So considering the great difference of channel quality between two TRPs, in order to improve the performance of single DCI based multi-TRP/panel transmission, CW to layer mapping enhancement should be specified in Rel-16.

2.2.2 DMRS port indication 
For multi-TRP/panel scenario, as DMRS ports from different TRPs are generally non-QCLed, they should be divided into different QCL groups. This principle, however, has not been considered in the DMRS port indication designed for the current DMRS port indication in Rel-15 where the DMRS ports are generally assumed within one QCL group. So most entries of the current DMRS port indication tables in TS38.212 [5] are not suitable for single DCI based multi-TRP/panel transmission. For example, the DMRS ports of 29th entry from Table 7.3.1.2.2-2 in TS38.212 [5] is {0, 1, 4, 5}, which belong to the same CDM group. As it has been agreed that DMRS ports within each CDM group are QCL-ed, so this entry is not suitable for multi-TRP/panel transmission, since DMRS ports from different TRPs are generally non-QCLed in multi-TRP/panel scenario. Therefore, DMRS port indication enhancement should be specified for multi-TRP/panel transmission.

As analysed above, in order to enhance the performance of single DCI based multi-TRP/panel transmission, we have the following proposal.

Proposal 2: For single DCI based multi-TRP/panel transmission, the following aspects should be specified.

· CW to layer mapping 

· DMRS port indication 
2.3 Dedicated CSI scheme for multi-TRP/panel transmission

In Rel-15, one report can be linked to three CSI-RS resource settings. And as shown in Figure 7, the first one resource setting is for channel measurement, the second one is for ZP based interference measurement and the third one is for NZP based interference measurement. Based on this configuration, NZP CSI-RS based interference measurement might be used for multi-TRP/panel transmission, which is shown in Figure 8. 
However NZP CSI-RS based interference measurement is only supported for AP-CSI reporting, which means if NZP CSI-RS based interference measurement is used for multi-TRP/panel transmission, the CSI measurement of multi-TRP/panel transmission would not support for P-CSI reporting and SP-CSI reporting. Moreover PMI and RI should be feedback in advance for beamformed CSI-RS, so more reports and resources are need for the CSI measurement of multi-TRP/panel transmission which is based on NZP CSI-RS based interference measurement. 
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Figure 7. A diagram of CSI reporting setting Configuration
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Figure 8. Multi-TRP/panel transmission CSI measurement using NZP CSI-RS based IM in R15
Therefore the dedicated CSI scheme for multi-TRP/panel transmission, including both multi-DCI based transmission and single DCI base transmission should be discussed in Rel.16 to facilitate interference measurement of multi-TRP/panel cases.
Proposal 3: The dedicated CSI scheme for multi-TRP/panel transmission should be specified in Rel-16.
2.4 Diversity based multi-TPR/panel transmission

As agreed in RAN1, Only spatial multiplexing based transmission is supported in Rel-15. NR is expected to be an advanced network which can support various traffics with high throughput, low delay and high reliability. Ultra-dense small cell deployment is recognized as a key enabling technique, so the interference gradually becomes the main performance-limiting factor in NR especially for cell edge users. The coordinated transmission by multiple TRPs is a promising scheme to deal with the interference.
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Figure 9. A diagram of diversity based multi-TPR/panel transmission

Diversity based Multi-TRP transmission can be also evaluated, and specified if need in order to facilitate more robust and reliable data transmission, for e.g. URLLC, V2X, and high speed train, and etc. More details about diversity based multi-TPR/panel transmission can be found in [6].
Proposal 4: Diversity based multi-TRP/panel transmission should be considered to provide robust transmission.
3 Conclusion
This contribution discusses the overview on the technical enhancements for multi-TRP/panel transmissions in Rel-16. In summary, the following proposals are made. 
Proposal 1: For multi-DCI based multi-TRP/panel transmission, the following aspects should be specified.

· UE procedure of NR-PDCCH detection

· MAC entity number per cell
· HARQ process distinction

· UL transmission for ACK/NACK

· Data scrambling

Proposal 2: For single DCI based multi-TRP/panel transmission, the following aspects should be specified.

· CW to layer mapping 

· DMRS port indication 
Proposal 3: The dedicated CSI scheme for multi-TRP/panel transmission should be specified in Rel-16.
Proposal 4: Diversity based multi-TRP/panel transmission should be considered to provide robust transmission.
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