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Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].
Agreement:
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case
In this contribution, we provide our views on PDCCH enhancements using multi-TRP transmission. 
Reliability/robustness enhancement on PDCCH with multi-TRP/panel/beam transmission
For the URLLC application, reliability and robustness can be significantly improved with M-TRP/panel/beams for all NR channels. The main focus of this paper is for reliability enhancement over PDCCH. 
PDCCH
· Repetition/diversity of DCI
To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered. Similar to PDSCH reliability improvement, spatial diversity from multiple TRP transmissions combined with PDCCH repetition can be used to improve the PDCCH reliability. Figure 1 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times. The later can be considered as an extension of PDCCH time repetition scheme discussed in URLLC session using multiple TRPs. PDCCH repetitions sent from multiple TRPs using multiple CORESETs configured with different TCI states can be considered. 
	 [image: ]


[bookmark: _Ref534819125]Figure 1: PDCCH repetition transmitted from different TRPs at the same or different times
A link level evaluation for PDCCH repetition scheme from multiple TRPs, compared with the Rel-15 baseline, i.e. a PDCCH transmission without repetition from a single TRP, is provided in [2]. The performance of the PDCCH repetition from multiple TRPs, each repetition with lower AL, is compared with that of Rel-15 scheme using a higher AL, to have the same number of total CCEs for both schemes. In the repetition scheme, both with and without soft combining are considered. The results shows that due to spatial diversity, steeper slopes are observed for multiple TRP cases, compared with the baselines. Moreover, the repetition from multiple TRPs with soft combining outperforms the single TRP transmission scheme. Besides, PDCCH repletion without soft combining performs worse than the single TRP transmission scheme, though having the steeper slope. 
Observation: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
From the above observation, we have the following proposal.
Proposal 1: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
· [bookmark: _Ref533691938]Mechanism for PDCCH repetition with soft combining
PDCCH soft-combining:
As aforementioned, in order to obtain the advantages of the PDCCH repetition, soft-combining of the different transmissions from multiple TRPs at UE can be considered. To reduce complexity of blindly PDCCH soft-combinations, some restrictions on the repetition scheme should be considered, e.g., repetitions are always done with the same AL and the same frequency resources. 
The following three aspects should be considered in PDCCH soft combining:
(1) When UE needs to combine the PDCCHs: The UE-specific DMRS for PDCCH can be used to detect the existence of a PDCCH. Before the PDCCH is decoded successfully, UE may buffer the corresponding candidate for later soft combining. Though, the DMRS may be orthogonal/non-orthogonal to those of other UEs, the soft combining should be allowed. This is because for URLLC high ALs are common, resulting in a large number RBs (e.g. with AL 8, there are 8 CCEs or 48 RBs), and such large number of RBs should give enough accumulated energy to detect DMRS with high probability.   
 (2) Which PDCCHs are to be combined:  The UE should know where the PDCCH starts and how many repetitions are transmitted. For example, if only the current and the previous PDCCH candidates are to be combined, then the UE only needs to buffer one PDCCH transmission.  In another case, if the current and all previous PDCCH candidates are to be combined, then the UE would have to buffer all PDCCH transmissions in the worst case. Hence, there are different simplified schemes with different trade-offs between the performance and the occupied PDCCH buffer size/UE processing complexity. The PDCCHs candidate for combination can be received within the same slot. 
 (3) How to control the number of required blind detections: 
First of all, an example of blind detection complexity analysis is illustrated in Figure 2. There are 2 PDCCH candidates in each occasion and PDCCH repetition is configured over the 2 occasions. In Figure 2a), without soft-combining, the UE would perform 4 BDs at the worst case. However, in Figure 2b), when PDCCH soft-combining is enabled, 4 extra decoding operations may be needed, where every candidate in the first occasion is combined with every candidate in the second occasion.

[image: ]
Figure 2: BD analysis for PDCCH repetition. 
To reduce the number of blind detections, possible combinations of blind decoding during the PDCCH monitoring occasions can be pre-defined. There are trade-offs between scheduling flexibility, and required number of blind decoding. For example, it can be specified, e.g., to map the PDCCHs which are supposed to be soft-combined onto the same candidate index in both occasions. This method is illustrated in Figure 3a) where the maximum number of required BDs is decreased to 6. This value can be further reduced by dropping some PDCCH candidates. It is illustrated in Figure 3b) where only the first PDCCH candidate is soft-combined across the two occasions.
[image: ]
[bookmark: _Ref534720323]Figure 3: BD analysis for PDCCH repetition with standardization method
From the examples, it can be seen that there are various feasible methods to reduce the number of required blind decodings.
Proposal 2: To support PDCCH repetition over multiple TRPs/panels/beams, pre-defined rules/configurations can be used to reduce the number of BD and to assist soft combining PDCCH repetitions. 
· The number of TRP/panel/beams
Although PDCCH repetition is a single DCI scheme, but considering control channel resources and UE behaviours of a time/CORESET/TRP repetition scheme, the PDCCH repetition is similar to a multiple DCI scheme. Therefore, to align with the number of DCIs reflecting the number of TRP/panel/beams as in NCJT, in our opinion, the number of TRP/panel/beams for PDCCH repetition is 2, unless it can show significant gains with more than 2. 
Proposal 3: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain
Conclusion
This contribution provides our views on reliability/robustness transmission of PDCCH using multiple TRP transmission. In summary, the following observation and proposals are made. 
[bookmark: _GoBack]Observation: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
Proposal 1: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
Proposal 2: To support PDCCH repetition over multiple TRPs/panels/beams, pre-defined rules/configurations can be used to reduce the number of BD and to assist soft combining PDCCH repetitions. 
Proposal 3: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain
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