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Introduction
In [1], views on control channel design, number of layers and CWs, as well as transmission scheme design were summarized. Based on the summary and discussion thereafter, the following agreements have been reached in the last meeting [2]:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 

In this contribution, we summarize views on remaining issues from companies which are interested in multi-TRP and multi-panel transmission.
List of open issues
· Control channel design for multi-TRP and multi-panel transmission
· Number of layers/CWs for multi-TRP and multi-panel transmission
· Transmission schemes and configurations of CSI-related parameters and QCL for multi-TRP and multi-panel transmission
Control channel design for multi-TRP and multi-panel transmission
As listed in section 1, three alternatives have been proposed in the last meeting [2]. However, further interpretations are needed to facilitate discussion and down selection of possible alternatives in 3GPP RAN1 #89 meeting. 
· Alt-1: single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Interpretation 1-1: each layer is transmitted from all the available TRPs jointly
· Interpretation 1-2: each layer is transmitted from one TRP independently
· Alt-2: single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Interpretation 2-1: single NR-PDCCH corresponding to different data layers of the same NR-PDSCH from multiple TRPs within the same carrier
· Interpretation 2-2: single NR-PDCCH corresponding to different NR-PDSCHs from multiple TRPs within the same carrier
· Alt-3: multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
Clarification of understanding on the above mentioned alternatives are listed in Table 1.
Table 1. Clarification of understanding on the agreements in the last meeting
	Company
	Understanding of the agreements
	Remark/preference

	CATT
	· For Alt-1, both interpretations are possible
· For Alt-2, our understanding is in line with interpretation 2-2
	At least for non-ideal backhaul, Alt-3 is preferable due to its scalability and flexibility in multi-TRP and multi-panel transmission.

	OPPO
	We share the same views as CATT
	The main motivation of Alt-3 is the case of non-ideal backhaul.  We cannot ensure what kinds of information can or cannot be exchanged through such non-ideal backhaul until we know its key typical parameters (e.g., capacity, latency). Thus we need to investigate performance of the alternatives based on these typical parameters. If Alt-3 is supported, the design consider the following issues:
1. Reduce UE complexity for multiple-NR-PDCCH detection: e.g., Limited maximum number of simultaneous NR-PDCCHs, reduced blind decoding candidate for each PDCCHs
2. Detection of multiple NR-PDCCH: UE capability which not all UE should support. It is possible to associate the capability with UE category.
3. Transmission of UCI: It may raise new issues for UCI transmission and the corresponding UC transmission mechanism may impact the design of transmission schemes

	LG
	For Alt-1, it should be “Interpretation 1-1” as it is written, since the wording “NR-PDSCH” is actually equivalent to “data”, so if there might be some confusion, we can delete the duplicated “NR-PDSCH” in the main bullet, then it already reads as Interpretation 1-1 as follows:
Alt-1: single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier   Same as Interpretation 1-1
For Alt-2, it should be “Interpretation 2-1” as it is written, since the wording “NR-PDSCH” is actually equivalent to “data”, so if there might be some confusion, we can delete the duplicated “NR-PDSCH” in the main bullet, then it already reads as Interpretation 2-1 as follows:
Alt-2: single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier   Same as Interpretation 2-1
	Alt-2 (Interpretation 2-1) should be understood as already supported by another agreement that “DMRS port groups belonging to one CW can have different QCL assumptions”, at least for the case of the same resource allocation. In other words, by the agreement in the context of CW-to-layer mapping, the UE can be configured with at least two different QCL assumptions, each associated per DMRS port (layer) group, in a single NR-PDCCH. This effectively means Alt-2 can be already applicable by network implementation at least when ideal backhaul conditions can be assumed by the network, since the UE does not have to know whether different data layers are transmitted from a single TRP or from multiple TRPs.
Our preference is to at least support Alt-2 with interpretation 2-1, which is already supported by the agreement on CW-to-layer mapping.

	Samsung
	As a baseline, interpretation 1-1 and 2-2 are preferred
	Given that up to two NR-PDCCH reception will be supported and both same and different NR-PDSCH receptions from multiple TRPs are supported, it is clear that one among Alt-2 and Alt-3 should be down-selected. Alt-3 can provides at least the following two advantages over Alt-2; 1) flexibilities and scalabilities based on the UE capability for multiple NR-PDCCH reception, and 2) unified layer mapping framework to support low data layers for the non-coherent JT operations. Consequently, Alt-1 and Alt-3 are preferred.

	HW
	· For Alt-1, both interpretations are possible. But it is possible that Alt 1 does not need standard support beyond QCL assumption of DMRS ports and CSI feedback enhancement. Alt-1, interpretation 1-2 can include DPS and DPB. 
· For Alt-2, we interpret as interpretation 2-2

	Non-ideal backhaul link between TRPs is a practical scenario and is widely used in the market. Alt-3 is preferable for non-ideal backhaul since it enables independent scheduling where its performance is insensitive non-ideal backhaul. Note that Alt-3 is not-limited to only for non-ideal backhaul and independent scheduling. 


	Ericsson
	· For Alt 1, we think Interpretation 1-1 is the correct one.
· For Alt 2, we think both interpretations are possible. From a technical viewpoint though, we prefer Interpretation 2-1.
	Not clear what spec impact Alt 1 requires.
We prefer Alt-3 as it is the most flexible, supports non-ideal backhaul and maintains same DCI format.

	ZTE
	Interpretation 1-1 and 2-1 are preferred.
	It’s not clear what it means by “with and without spec impact”. e.g. Whether what we have agreed – i.e.  “DMRS ports can have different QCL assumptions” is counted as spec impact.
Schemes assuming ideal backhaul should be prioritized in Phase 1.  
Alt-1 with interpretation 1-1 is meant to support coherent JT or SFN.  It is unclear whether and how we distinguish between multi-panel and multi-TRP cases. e.g. Multi-panel codebook can be applied to multi-TRP case with proper QCL assumptions. Is it counted as spec impact?
Alt-2 with interpretation 2-1 can be interpreted as non-coherent JT which is already supported by the agreed QCL assumption.  Support of frequency selective DPS e.g. on resource allocation should be considered.  
Alt-3 requires higher UE capability to detect multiple DCI and is flexible to support non-ideal backhaul case.  The design should be as independent as possible to minimize the spec impact e.g. extending DC to co-channel case.

	
	
	


In[1], [5-9],[11-13],[15] and [17], companies show their views on NR-PDCCH design for multi-TRP and multi-panel transmission. As shown in [1],[5],[7],[9],[11],[13],[15] and [17], most of companies support multiple NR-PDCCH (Alt-3) .
Observation 1: Wording in agreements on multi-TRP and multi-panel transmission in the last meeting [2] cause confusion in understanding. After breaking down each alternative for NR-PDCCH design, it’s observed that interpretation 2-1 and interpretation 1-2 are overlapping. So following refinement on different alternatives is proposed:
Proposal 1: To facilitate a common understanding, we propose to interpret the agreements with the following four alternatives.   
· Alt 1-1: Single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly
· Alt 2-1:  Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Alt 2-2: Single NR-PDCCH schedules multiple NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
· Alt 3: Multiple NR-PDCCH schedules multiple NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
Observation 2: Most of companies support multiple NR-PDCCH (Alt-3). 
Number of layers/codewords for multi-TRP and multi-panel transmission
As agreed in previous meeting, up to 2 codewords are supported for each NR-PDSCH. However, with possibly more than one NR-PDSCHs across multiple TRPs or multiple panels, the total number of codewords toward the same UE is still an open issue. 
In Table 2, views from companies are elaborated. 
Table 2. Clarification of views on number of layers/codewords
	Company
	Clarification of views
	Remark/preference

	CATT
	The total number of codewords toward one UE in multi-panel/TRP transmission should be specified considering complexity, overhead and performance
	

	OPPO
	From the perspective of UE complexity and system performance, the total numbers of codewords and layers per UE should be limited, and the choice of these numbers should take into account the complexity of NR-PDCCH detection
	At least the UEs of relatively low categories would only support up to 2 codewords

	LG
	Our preference is to support one PDSCH to be received by UE for a given time instance and carrier, at least in Phase I.
	

	Samsung
	As a baseline, same upper bound, i.e. up to 2 CWs should be considered. Other values, e.g. up to 3 or 4 CWs, can be introduced, if significant gain can be proven.
	

	HW
	The limitation on the number of codewords/layers should depend on the number of NR-PDCCH that a UE can receive and further discussion of UE capability to balance UE data/control demodulation complexity and CoMP performance.  
	

	Ericsson
	The maximum number of codeword a UE can receive can be further studied and should take into account HARQ feedback mechanism. A limit on 1 CW per PDSCH when receiving multiple PDSCH could be reasonable.
	

	ZTE
	The maximum number of codewords/layers per UE should depend on UE capability which can be also related to various factors e.g. how many DCIs UE can detect, how many CSI-RS resources or resource sets UE can measure and how many QCL assumptions UE can support. Upper bound should be decided with evaluation.  
	

	
	
	


In addition to that, two companies also show concerns on this issue in their contributions[5][13].
Observation 3: Companies have concerns on limitation of maximum number of CW/layer/ NR- PDSCH for multi-TRP and multi-panel transmission.
Proposal 2: Taking into account the complexity, overhead and performance gain, further discussion is needed to determine the maximum number of CW/layer/ NR- PDSCH for multi-TRP and multi-panel transmission. 
Transmission scheme and configurations of CSI-related parameters and QCL for multi-TRP and multi-panel transmission
Consideration and preference on transmission scheme and CSI-related parameters as well as QCL are summarized in Table 3.
Table 3. Summary of consideration and preference on transmission scheme design
	Company
	Clarification of views
	Remark/preference

	CATT
	Coordination between transmission points will be even more important for the system deployed in higher frequency band. However, just like any other multi-antenna transmission scheme, the performance in practice is affected by practical factors including CSI accuracy and delay, channel and interference estimation error, as well as the spatial properties of propagation environment. For transmissions based on coordinated multi-point, the situation is even more complicated. Depending on detailed transmission scheme, the system performance would be rather sensitive to latency with non-ideal backhaul and mismatch due to synchronization and calibration errors.  In such cases, the transmission schemes relying less on inter-site calibration are preferred.
	At least for non-ideal backhaul, prioritize the transmission schemes relying less on inter-panel/TRP synchronization/calibration.

	OPPO
	The design of transmission schemes are highly tied to NR-PDCCH scheme and the corresponding UCI transmission scheme. 
	

	LG
	At least in Phase I, ideal backhaul cases should be considered first for further RAN1 discussions, because non-ideal backhaul based CoMP have impacts on RAN2/3 specification.
	

	Samsung
	For transmission schemes, at least DPS, coherent/non-coherent JT can be considered.
For configurations of CSI-related parameters, the followings should be considered:
· Support Aperiodic CSI-RS based CSI reporting for both same and different NR-PDSCH data stream(s) from multi-TRP/-panel, i.e. multiple CSI-RS resources can be triggered simultaneously for aperiodic CSI-RS transmission.
· Configuration of a measurement setting to link multiple resource settings comprising N>1 NZP resource settings and a single ZP resource setting, and a CSI reporting setting.
· UE shall be able to be configured to derive N CSI reports, one per NZP CSI-RS resource, under proper assumption on transmission scheme.
For configuration of QCL, following aspects should be taken into account:
· The QCL RS for each DMRS group shall be configured in RRC signaling
	

	HW
	Multi-TRP with non-ideal backhaul can adopt the same (or a subset of) transmission schemes (with the same DCI formats) as in single-TRP supported by independent control assignment from each TRP.
	

	Ericsson
	Focus should be on transmission schemes which can be practically implemented with realistic assumptions, i.e. focus on non-coherent joint transmission rather than coherent joint transmission from multiple TRPs 
	

	ZTE
	For transmission schemes, coherent/non-coherent JT and DPS including (frequency-selective DPS) can be considered.    
One impact on CSI parameter is how many CSI-RS resources UE can measure and perform CSI feedback upon the measurement, which can be related to how many resource settings, can be linked to a measurement setting and how many measurement settings can be configured.
Impact on QCL would be the QCL association between CSI-RS and DMRS port(s) and between CSI-RS port(s).  It is already agreed that DMRS ports within one DMRS can have different QCL assumptions.  The QCL indication for multi-TRP should share the same signaling design as multi-beam/panel transmission.  Multi-stage signaling including DCI signaling should be supported in order to dynamically switch between beams/TRPs with reasonable DCI overhead. If multi-panel codebook corresponding to one CSI-RS resource is supported, multiple QCL assumptions should be supported within one CSI-RS resource.  
	

	
	
	


In addition to the views listed in Table 3, 
· Some companies discussed uplink operation with multi-TRP and multi-panel in [4],[10] and [16]
· One company proposes to standardize OTA reciprocity calibration and synchronization in [14]
Observation 4: Design of transmission scheme for multi-TRP and multi-panel is highly related to aspects such as control channel scheme, configurations of CSI-related parameters as well as QCL issue.
 Proposal 3: Besides control channel scheme, design of transmission scheme, configuration of CSI-related parameters as well as QCL issue for multi-TRP and multi-panel need further discussion and study. 
Current list of way forwards
Way forwards [18] under discussion are listed as follows:
R1-17XXXX, “WF on control channel for multi-TRP transmission”, Huawei
Conclusions 
Based on the summary and discussion above, we have the following observations and conclusions:
Observation 1: Wording in agreements on multi-TRP and multi-panel transmission in the last meeting [2] cause confusion in understanding. After breaking down each alternative for NR-PDCCH design, it’s observed that interpretation 2-1 and interpretation 1-2 are overlapping. So following refinement on different alternatives is proposed:
Proposal 1: To facilitate a common understanding, we propose to interpret the agreements with the following four alternatives.   
· Alt 1-1: Single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly
· Alt 2-1:  Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Alt 2-2: Single NR-PDCCH schedules multiple NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
· Alt 3: Multiple NR-PDCCH schedules multiple NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
Observation 2: Most of companies support multiple NR-PDCCH (Alt-3). 
Observation 3: Companies have concerns on limitation of maximum number of CW/layer/ NR- PDSCH for multi-TRP and multi-panel transmission.
Proposal 2: Taking into account the complexity, overhead and performance gain, further discussion is needed to determine the maximum number of CW/layer/ NR- PDSCH for multi-TRP and multi-panel transmission. 
Observation 4: Design of transmission scheme for multi-TRP and multi-panel is highly related to aspects such as control channel scheme, configurations of CSI-related parameters as well as QCL issue.
Proposal 3: Besides control channel scheme, design of transmission scheme, configuration of CSI-related parameters as well as QCL issue for multi-TRP and multi-panel need further discussion and study. 
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