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1
Introduction
In RAN1 #88bis meeting, the following agreements were made on control channel for multi-TRP transmission [1][2].

Agreements:
· 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 address implementation details of downlink NC-JT from multiple TRPs, discuss the potential NR PDCCH reception schemes from the perspectives of enhancing the NCJT performance as well as reducing the UE PDCCH detection complexity.
2.  Implementation options for non-coherent transmission
We propose two implementation options as illustrated in Table 1, attending to different PDCCH reception scheme:

· Resource allocation: P-TRP and S-TRP(s) can use the same or different PHY resources. For the latter, the UE shall report multi-cell CSI to perform proper link adaptation at each TRP. 
· Scheduling grant (NR-PDCCH): the UE scheduling grant shall be sent from P-TRP or from both P-TRP and S-TRP(s). There are two cases:
·  Non-coordinated resource scheduling by using multiple NR-PDCCH. 
·  Coordinated resource scheduling by using one or multiple NR-PDCCH. The scheduling grant is transmitted in the P-TRP or in both the P-TRP and the S-TRP(s). Therefore, the same resources are allocated in multiple TRPs for transmission of the same/different transport block.. 
Proposal 1: Both non-coordinated and coordinated resource scheduling shall be supported for non-coherent JT. 
	Operation alternatives
	PDCCH Scheme
	Signalling
	S-TRP transmission constraints
	Scheduling grant (NR-PDCCH)
	Multicell CSI

	Option #A
	Multiple NR-PDCCH corresponding to different PDSCH data layers from multiple TRPs
	Simultaneous scheduling on P-TRP and S-TRP (s) indicates that the same/different transport block is being transmitted to the UE. 
	S-TRP (s) have the freedom to transmit on other frequency domain resources than used in P-TRP (NR-PDCCH for S-TRP (s) include info of the resource allocation and MCS used from this/these cells)
	Non-coordinated scheduling grant
	YES

	Option #B
	Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
	Transmission of the same transport block from S-TRP (s) explicitly indicated from P-TRP + S-TRP NR-PDCCH
	S-TRP (s) shall transmit the same transport block on the same set of resources & same MCS as used by P-TRP
	Coordinated or identical scheduling grant
	NO


Table 1: Implementation options for the non-coherent multi-point transmission
The decision of whether to use option A or B depends mainly on the traffic requirements. Option B is tailored for very critical communications in which both the control and the data domain require extra protection. Option A still increases the reliability but with a better compromise with spectral efficiency. 
3. Impact of PDCCH reception scheme on NCJT
3.1 Single PDCCH reception scheme
As described in the above mentioned agreements, single PDCCH reception scheme has two alternatives: 

· Alt1: Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Alt2: Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
For alternative 1 in NCJT, single PDCCH will be transmitted from the P-TRP to the CoMP UE as its best link quality, and it will be used to indicate the downlink transmit information, including the resource allocation, MCS level and others. We can check its impact on the system design and user computing complexity from following aspects.
· PDCCH size: as TB (transport block) and transmit parameters are exactly same and are used among the multiple TRP, single TRP used for CoMP has same size as the Non CoMP transmission.
· PDCCCH decoding complexity: the PDCCH decoding complexity is as same as the non-CoMP transmission as the PDCCH size and searching space is unchanged..
· PDCCH coverage: if single PDCCH are transmitted from multiple TRPs, transmit diversity gain can be achieved which can be used to improve the PDCCH robustness.
Proposal 2: Single PDCCH alt1 should be considered in NR multiple TRP cooperative transmission as it has low complexity. Single PDCCH alt1 can be considered as a common feature of LTE and NR NCJT, but it is an enhanced version for NR NCJT as new RS and resources will be used. 
For alternative2 in NCJT, single PDCCH will be transmitted from the serving TRP to CoMP UE, which is used to indicate the different transmit blocks from multiple TRPs. If alt2 are used for NCJT, following issues should be careful considered. 
· PDCCH size: As multiple different TBs are transmitted from the multiple TRPs, different time-frequency resource will be mapped and different MCS level will be used independently. If using single PDCCH to indicate all TRP downlink transmission information, the PDCCH content will be too complicated and the PDCCH size will be too large, it will cause the PDCCH capacity issue;

· PDCCH decoding complexity: large PDCCH size will waste more UE energy and time to decode the PDCCH, then significantly increase the PDCCH decoding complexity. The increase in decoding complexity should, however, be weighed against the benefit of being able to receive a different transport blocks from each TRP.
· PDCCH coverage: as PDCCH size is enlarged, the resource aggregation level will be limited, and this will degrade the PDCCH link quality, and increase the possibility of PDCCH detection failure. It shrinks the PDCCH coverage indirectly.
· Transmission latency: As the different TBs and link adaption parameters are decided by P-TRP or S-TRP share its decision to the P-TRP, the negative impact of backhaul latency should be further considered.
Proposal 3: Single PDCCH alt2 should be of low priority NR NCJT because it increases the user decoding complexity, requires ideal backhaul for tight coordination among multiple TROs, degrades TRP coverage and faces other potential challenges.
3.2 Multiple PDCCH reception scheme
Multiple-PDCCH reception scheme is a new feature for NR multi-TRP cooperative transmission. For NCJT, multiple PDCCHs are transmitted from multiple TRPs, each PDCCH indicates individual transmission link information to the CoMP user. Impacts of multiple PDCCH on the system design and user computing complexity can be reviewed from following aspects.
· PDCCH size: as multiple PDCCH are transmitted from multiple TRPs, PDCCH size at each TPR is not enlarged, without additional requirement on PDCCH resource to support NCJT. 
· PDCCH decoding complexity: UE decodes the multiple PDCCH independently, and the complexity is linearly increased as the PDCCH size and searching space are not enlarged. 
· PDCCH coverage: the interference between the multiple PDCCH from multiple TRP should be randomized before the PDCCH transmission. This will cause little impact on the PDCCH coverage.
· Transmission latency: multiple PDCCH transmission from multiple TRP can support each link fast adaptation; reduce the transmission latency between the multi cell CSI feedback and transmission, to further enhance the users’ performance.
· User centric cluster: In order to enhance the user’s performance, reduce the system overhead and well adapt the actual transmission scenario, user specific cluster should be considered. Multiple PDCCH scheme can be used to support in user specific cluster design. 
Proposal 4: Multiple PDCCH reception scheme should be considered for NR NCJT in order to further improve systems performance with moderate complexity increase of PDCCH decoding. 
4. Conclusion
The contribution is concluded by summarizing our proposals for non-coherent multi-point transmission:
Proposal 1: Both non-coordinated and coordinated resource scheduling shall be supported for non-coherent JT .

Proposal 2: Single PDCCH alt1 should be considered in NR multiple TRP cooperative transmission as it has low complexity. Single PDCCH alt1 can be considered as a common feature of LTE and NR NCJT, but it is an enhanced version for NR NCJT as new RS and resources will be used. . 
Proposal 3: Single PDCCH alt2 should be of low priority NR NCJT because it increases the user decoding complexity, requires ideal backhaul for tight coordination among multiple TROs, degrades TRP coverage and faces other potential challenges.
Proposal 4: Multiple PDCCH reception scheme should be considered for NR NCJT in order to further improve systems performance with moderate complexity increase of PDCCH decoding.
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