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1 Introduction
During RAN #77 plenary meeting, the following agreement was achieved for multiple TRP/panel/beam transmission/reception for PUSCH [1]:
· Aiming completion beyond December 2017, exact completion target (June/2018 or other) to be re-discussed at RAN#78 on a case-by-case basis:
· RS design for mini-slot beyond what is covered in Dec. ’17 

· Multiple TRP/panel/beam transmission/reception at gNB for PDSCH/PUSCH

· RLF connected to beam management
The contribution is aiming at raising the priority of downlink multi-panel/TRP related issues in the following meetings. We first justify the usage scenario for multi-TRP/panel operation, especially in the aspects of IP-RAN and HF product and then raise the key issues, benefits and problems which should be considered for supporting multi-TRP/panel operation in R15, such as multiple PDCCH design, CSI/ACK/NACK feedback for multiple TRPs, remaining issues of codebook and related QCL signaling for multi-panel transmission.
2 Usage scenario and Key issues of multi-TRP transmission
IP-RAN is the most common use case of multi-TRP transmission in practical scenario. In IP-RAN, non-ideal backhaul links between TRPs is widely used, which would cause CSI ageing and delay from scheduling decision/data exchanges, which consequently brings performance loss. In such events, distributed and independent scheduler at each TRP of the cooperating TRPs is attractive or maybe the only viable option. To enable such independent scheduling within the same carrier, control information corresponding to a NR-PDSCH should be sent from each TRP independently.  This requires the reception of multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier, which brings several benefits, such as intensive for the backhaul delay, unifying DCI size for single TRP and multi-TRP cases, enabling flexible resource allocation (e.g., fully/partial/non-overlapping schemes) and independent MCS configuration per PDCCH, etc.
Since a couple of related agreements have been achieved in RAN 89 - RAN 90, several key issues and problems should be considered to complete the design of multiple TRP operation in R15, mainly regarding to the collision of multiple DCI, HARQ ambiguity and related UL feedback design. In the following, we give detailed analysis on these issues.
2.1 Control channel related issues
In NR, the control channel consists of multiple control resource sets where a control resource set is defined as a set of REGs under a given numerology. A UE monitors for downlink control information in one or more control resource sets. A search space, which is further categorized as common search space and UE-specific search space in LTE, is associated with a single control resource set. In order to support the reception of multiple NR-PDCCH, various solutions are as follows:

· Scheme 1: multiple NR-PDCCH are in the same search space

· Scheme 2: multiple NR-PDCCH are in the different search spaces

· Scheme 2a: configure multiple control resource sets

· Scheme 2b: configure one control resource set with different search spaces
In the case of multi-TRP transmission under non-ideal backhaul link, scheduling information is not exchanged between TRPs and collision of multiple NR-PDCCHs may happen for one UE, such as in the case of scheme 1. Thus, efficient mechanism should be considered to avoid the collision of multiple PDCCHs.
2.2 HARQ and UL feedback analysis
For multiple NR-PDCCH reception, there exists the problem of ambiguity of HARQ process number in multiple DCIs from separate TRPs. If the UE processes the corresponding NR-PDSCH only according to the HARQ process number in DCIs, DCIs with the same HARQ process number but from different TRPs will be handled within the same HARQ process, which will lead to errors in soft combining of HARQ. It is necessary for UE to distinguish DCIs from different TRPs and handle the NR-PDSCHs properly in different HARQ process sets, where multiple HARQ entities are needed.
 Proposal 1: NR supports multiple HARQ entities in multiple NR-PDCCH case. 
The second key issue is how UE should feedback HARQ ACK/NACKs and CSI corresponding to the cooperative TRP. Considering multiple HARQ entities, two types of protocol architecture would be considered,

· One MAC at UE side 

· Multiple MACs at UE sides

For the first one, from the UE’s perspective, it is not necessary to discriminate whether it is in the NCJT mode or in the single TRP serving mode if these different TRPs belong to the same cell. It is possible to forward all the feedback information towards the serving cell/TRP. However, this scheme would bring performance loss in the case of non-ideal backhaul due to the ACK/NACK/CSI delay. Thus, e.g., multiple PUCCH containing respective ACK/NACK/CSI information towards different TRPs would also be considered, where multiple MACs at UE side is needed.
2.3 CSI framework and acquisition

In IP-RAN, distributed and independent scheduler at each TRP of the cooperating TRPs would generate three kinds of resource allocation: fully overlapping, partial overlapping and non-overlapping. With a certain level of scheduling decision/data exchanges between cooperating TRPs, fully overlapping and non-overlapping can be achieved.  For fully overlapping and non-overlapping, interference condition may be more stable over one TRP’s scheduled resources, so CQI can be measured over one TRP’s whole scheduled bandwidth. For severe backhaul delays, partial overlapping would be a more common case. In this case, one TRP’s scheduled resources would experience different interference conditions. In this case, an averaged CQI over the whole bandwidth is not accurate enough compared to CQIs measured separately for different interfered parts of the bandwidth, which is a key issue if non-overlapping is considered.
3 Usage scenario and key issues of multi-panel transmission
In multi-panel transmission, it can be assumed that TXRUs within an antenna panel will use the same local oscillator and are ideally synchronized. Hence different antenna elements in the same panel do not drift in phase relative to each other. However, among different panels, there may be a constant relative phase or a time-varying relative phase due to the different PLL/ADC or independent local oscillators of each panel. It differs from traditional MIMO system with ideal synchronization assumptions among all the TXRUs. 
According to the synchronization level, multi-panel transmission could be conducted in coherent manner or non-coherent manner. For coherent multi-panel transmission, multi-panel codebook is designed in R15. However, the case of (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1) is not considered, which is a commons case especially for higher frequency bands. For non-coherent multi-panel transmission, it is agreed that DMRS port groups belonging to one CW can have different QCL assumptions, thus the related QCL signaling and DMRS port indication should be considered.
3.1 Remaining issues of Multi-panel codebook 
Multi-panel (MP) codebook design for rank 1-2 and rank 3-4 with port number <16 proposed in page 14-16 of [2] has been supported in NR. The main design principle is to construct MP codebook from single-panel (SP) codebook by adding inter-panel co-phasing to the SP precoder. Inter-panel co-phasing could be configured in wideband mode for 2/4 panels or subband mode for 2 panels. In subband mode, maximum 4bits PMI payload size is supported per subband.

The remaining issues and related PMI feedback scheme for type I multi-panel codebook should be considered in R15, e.g., discussions on MP codebook design for (2, 1, 1) and (4, 1, 1), higher rank MP codebook, including multi-panel codebook design for rank 3-4 >16ports and rank 5-8, etc..
Proposal 2: (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1) should be supported in multi-panel codebook.
3.2 QCL assumption and indication 
For multi-panel/multi-beam based non-coherent transmission less than 4 layers, there is only single CW with single MCS, layer-codeword mapping should consider this issue to enable interference cancellation at UE side. On the other hand, DMRS port groups with different QCL assumptions should also be considered for non-coherent multi-panel transmission in this case. One control signaling field in one NR-PDCCH (e.g., in one DCI) with DMRS grouping should be considered in NR to support both single and multiple QCL assumption(s). In RAN 90bis, QCL type B is agreed below 6GHz for single TRP. It should be clarified that whether type B is aimed at all the DMRS ports or one of the DMRS port group. If type B describes the QCL assumption for all the DMRS ports, QCL type C should be established for non-coherent transmission for NC-JT, where the TCI field in DCI should support both single and multiple QCL assumption.
DMRS port indication should consider the trade-off between system performance and signalling overhead. For example, Port index and port number in each DMRS port group could be configured by RRC signaling. Alternatively, DMRS port grouping with fixed port index configuration in each group is also a possible way. The port index could be indicated through DCI table, as well as the rank indication for different DMRS port groups. In both case, CDM group ID/DMRS group ID can also be indicated in the DCI, which could also be used for DMRS rate matching. 
Proposal 3:  QCL type C should be supported for NC-JT, by which a QCL indication field in DCI can indicate single and multiple QCL assumptions by different QCL types.
4 Conclusion
In this contribution, we raise several essential issues for multi-TRP/multi-panel transmission in NR, and the proposals are summarized as follows:
Proposal 1: NR supports multiple HARQ entities in multiple NR-PDCCH case. 
Proposal 2: (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1) should be supported in multi-panel codebook.
Proposal 3:  QCL type C should be supported for NC-JT, by which a QCL indication field in DCI can indicate single and multiple QCL assumptions by different QCL types.
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