
[bookmark: OLE_LINK124][bookmark: OLE_LINK125]3GPP TSG RAN WG1 NR Ad-Hoc#2 	R1-171xxxx
Qingdao, P.R. China, June 27th – 30th, 2017

Source:	CATT
Title:	Summary of views on multi-TRP & multi-panel transmission
Agenda Item:	5.1.2.1.6
Document for: Discussion and decision

Introduction
In RAN1#89 meeting, the following agreements on multi-TRP and multi-panel transmission have been made [1]:
Agreements:
· Adopt the following 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 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
Agreements:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
In this contribution, we summarize the views from interested companies on some main topics of multi-TRP and multi-panel transmission.
The maximum supported number of NR-PDCCHs/PDSCHs 
As listed in section 1, the maximum supported number of NR-PDCCHs/PDSCHs is to be decided this meeting. In [2- 5,7,8,11,12,14,16,18,19] companies showed the views on this issue in their contributions. 
· The following 7 companies proposed to support at most 2 NR-PDCCHs/PDSCH: OPPO [4], ZTE[5], LGE[7], Intel[11], MTK[14], E///[18] and QC[19]
· In [12], Samsung proposed that the maximum supported number of NR-PDCCH/PDSCH is at least 1 or 2, and FFS for 3
· In [2], HW proposed that the maximum supported number of NR-PDCCH/PDSCH is 2 or 3
· In [20], Nokia proposed that at least 3 PDCCHs/PDSCHs should be supported in NR in the high frequency bands
· In [16], China telecomm proposed that maximum supported number of NR-PDCCHs/PDSCHs should be 4 
· In [8], AT&T clarified that the maximum number of PDCCH (from different TPR) can be configured to a UE for monitoring is at least 4, while the maximum number of PDCCH (from different TPR) can be simultaneously monitored is a UE capability
Some companies also presented their considerations on the number of codewords and layers that can be transmitted with multiple TRPs/panels. In [3], CATT proposed to specify the total number of codewords in multi-panel/TRP transmission. In [12], Samsung proposed that 1 codeword is scheduled by each DCI. In [4] OPPO proposed to constrict the maximum supported number of layers to 8. Similar to [4], Intel also supported to use up to 4 layers per codeword, and up to 2 codewords in multi-TRP/panel transmission [11]. 
In addition, in [16], China telecomm proposed to configure the maximum supported number of NR-PDCCHs/PDSCHs via RRC signaling. In [20], QC proposed to support dynamic reporting of the supported number of NR-PDCCHs/PDSCHs from UE to gNB. Moreover, OPPO proposed to include the reception of multiple NR-PDCCHs/PDSCHs as UE capability in NR[4].  
Observation 1: Most of companies propose to support up to 2 NR-PDCCHs/PDSCHs in multi-TRP/panel transmission.
Proposal 1: The maximum supported number of codewords and layers should be specified as well.
DCI design and UE complexity reduction 
For DCI design, companies showed their views in [7,8,15,18]:
· In [7], LGE presented detailed DCI design, including indications of DMRS group, QCL/RM, MCS per DPG for multi-TDP/panel transmission
· In [8], AT&T proposed to study incremental DCI for multiple DCI transmission
· In [15], interdigital proposed to include cross TRP scheduling indicator and TRP index in DCI and determine the starting location of search space by TRP index
· In [18], Ericsson proposed that DCI indicating PDSCH with layers transmitted from multiple TRPs has the same size as PDSCH indicating PDSCH from single TRP
Regarding blind decoding complexity with multiple NR-PDCCHs reception, several companies showed their concerns in contributions [2, 4, 6,11].  For example, Fujitsu proposed that in multiple NR-PDCCHs case, available DCI formats of cooperating TRPs can be restricted to reduce blind detection complexity [6]. Moreover, HW presented the following approaches to reduce UE complexity:
· Signaling of the maximum number of NR-PDCCH/PDSCH via the association of NR-PDCCH with other configurable properties, e.g. C-RNTI and configurable ID or CORESET group or QCL indication or DMRS port group.
· Subset of aggregation levels and/or the number of candidates can be configured in search spaces corresponding to CORESET group associated with each NR-PDCCH
Furthermore, in [11], intel proposed that the PDSCH and CSI processing can be dropped if it exceeds the processing capabilities of UE.
Other issues 
Views on other issues, such as codeword mapping, resource allocation RS design and QCL, CSI feedback scheme, UL transmission, etc. are summarized in this section.
· CW mapping & RA
In [5], ZTE proposed to constrain each CBG to a layer set and transmit them from the same TRP. [5] also proposed to have different resource allocation for different layers. However, [18] showed opposite view on this issue and proposes to use same resource for all the layers. 
· RS & QCL
In [3], CATT elaborated the approaches for NR-PDCCH transmission with multiple TRPs/panels and analyzes the potential QCL issues therein. In [8], AT&T discussed the QCL establishments between DMRS for PDCCH BD with CSI-RS and SS block. QCL configuration/indication for DMRS group are considered in [12] and [18]. 
· CSI
In [9], [12,22] and [21], HW, Samsung and Ericsson presented their considerations on CSI feedback design for multi-TRP/panel operation respectively. 
· UL
In [10], [13], [17] and [20], some companies showed their views on UL design
· Others
In [5], ZTE proposed to adopt beam randomization for inter-cell interference mitigation. In [20], QC proposed to consider reciprocity based coherent JT in NR. LGE proposed to deprioritize multi-NR-PRCCH case [7], while based on analysis shown in [6], Fujitsu preferred that each NR-PDCCH is always transmitted together with its scheduled NR-PDSCH from the same TRP(s).
List of ways forward
· R1-17xxxxx, “Draft WF on signaling DMRS configuration”, LGE
· [bookmark: _GoBack]
Conclusions
In this contribution, we summarize views on multi-TRP/panel transmission. Based on the summary above, we have the following observation and proposals:
Observation 1: Most of companies propose to support up to 2 NR-PDCCHs/PDSCHs in multi-TRP/panel transmission.
Proposal 1: The maximum supported number of codewords and layers should be specified as well.
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