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1. [bookmark: _Ref4683067] Introduction 
One objective of the R17 FeMIMO WID [1] is enhancement on the support for multi-TRP deployment, targeting for FR1 and FR2. In particular, Item 2a states that 
Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline.
In this contribution, we discuss multi-TRP enhancements for PDCCH and PUSCH/PUCCH.
2. Enhancements on Multi-TRP for PDCCH
In Rel-16, single DCI based Multi-TRP scheme was introduced for ultra-reliable low-latency communication (URLLC). Two PDSCH transmission occasions conveying the same transport block (TB) are transmitted from two TRPs to increase the reliability of downlink data. Resource allocation for two PDSCH transmission occasions can be done by single DCI from one TRP. However, the reliability for PDCCH should be enhanced to fully use the benefit of multi-TRP based URLLC scheme in Rel-16 because the channel from the TRP sending PDCCH can be blocked. As in Figure 1, multiple PDCCH transmissions (PDCCH 0 and PDCCH 1 in the figure) from Multi-TRP using different beams indicating the same allocation information for PDSCH transmission occasions can improve the reliability of PDCCH. These PDCCHs can convey the same DCI or different DCI, but indicate the same resource allocation.



[bookmark: _Ref4682445]Figure 1: PDCCH enhancement for single DCI based Multi-TRP for URLLC 

In Rel-16, the number of CORESETs per BWP was increased to 5 considering two TRP operations. Each TRP can transmit a PDCCH in the corresponding CORESET. To get the benefit of combining gain, we need to associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. The gNB can transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B for a serving cell corresponding to . We also need to use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs in order to reduce the complexity of blind decoding at the UE. Since the UE can move around a cell, the UE may not be in a good region to be served with multi-TRP operation. Therefore, we can introduce new MAC CE to activate/deactivate the association of search space sets for PDCCH repetition in order to avoid unnecessary combing at the UE. When deactivated, the PDCCH candidates in a PDCCH tuple are treated independently, i.e., the PDCCH candidates can be unused or used to transmit a PDCCH scheduling a distinct TB. The gNB also can use these search space sets flexibly for other usages other than PDCCH repetition. 


[bookmark: _Ref46751546]Figure 2: Inter-slot PDCCH repetition 


[bookmark: _Ref46752377]Figure 3: Intra-slot of PDCCH repetition
To indicate the repetition number, we can use monitoringSlotPeriodicityAndOffset, duration and/or monitoringSymbolsWithinSlot in SearchSpace. Figure 2 and Figure 3 show some examples of configuration for inter-slot/intra-slot PDCCH repetition. In Figure 2, the total number of repetitions is 4 which can be indicated by monitoringSlotPeriodicityAndOffset =(sl2,0) and duration = 2. In the case of inter-slot PDCCH repetition, the total repetition number is the same as duration times the number of associated search space sets. However, we can also indicate the repetition number by monitoringSymbolsWithinSlot as well as monitoringSlotPeriodicityAndOffset and duration for inter-slot PDCCH repetition as in Figure 3. In addition, both inter-slot and intra-slot PDCCH repetitions can be configured simultaneously by changing monitoringSlotPeriodicityAndOffset=(sl2,0) and duration = 2 in Figure 3. Then, the total number of repetitions can be 8. We can also configure time-overlapped search space sets in a FDM manner for the UE supporting the reception of multiple beams simultaneously. Finally, slot offset K0 can be calculated based on the last repetition where the index of repetition can be counted first in ascending order of PDCCH monitoring occasions and then in ascending order of index(es) of CORESETs or search space sets. In TS 38.213, PDCCH monitoring occasions are indexed in an ascending order of start time of the search space sets associated with a PDCCH monitoring occasion. Regarding the PDCCH enhancement, we have the following proposals.
Proposal 1: Associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. 
· Use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs
· Transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B
Proposal 2: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 
Proposal 3: To indicate the repetition number, use monitoringSlotPeriodicityAndOffset, duration and/or monitoringSymbolsWithinSlot in SearchSpace.
Proposal 4: Slot offset K0 can be calculated based on the last repetition where the index of repetition can be counted first in monitoring occasion and in ascending order of index(es) of CORESETs or search space sets.

3. Enhancements on Multi-TRP for PUSCH/PUCCH
Similar to downlink, uplink communication can also benefit from multi-TRP deployment for improving reliability and robustness. Up to R16 NR, the following schemes are supported for multi-TRP operation in downlink: SFN, SDM, FDM, and TDM. 
The counterpart of SFN for uplink would be joint reception. Coherent joint transmission in downlink may be challenging since the signals from two TRPs need to coherently combine over the air, but coherent joint reception can be simply done by post processing of received signals at two TRPs.
[bookmark: _GoBack]Joint reception can already be supported by R15/R16 NR, but joint reception alone may not be sufficient due to the following issues: 
1) Two TRPs need to have tight synchronization since only one signal is transmitted from the UE;
2) Timing advance needs to consider two TRPs simultaneously;
3) In general simultaneous transmission across multiple panels (STxMP) is required in FR2.
4) UL precoding needs to consider two TRPs simultaneously;
5) Power control needs to consider two TRPs simultaneously;
The SDM, FDM, and TDM schemes are all feasible for uplink. A TDM-based approach can address all the mentioned issues by paying extra latency and power. Nevertheless, latency can be tackled by existing URLLC features, e.g., mini-slot, and repetition in time domain is well accepted since uplink is power limited. On the other hand, SDM/FDM suffer from Issues 1, 2, and 3. Furthermore, SDM/FDM requires power split and thus can be harmful for coverage. Based on the above discussion, we propose to focus on TDM-based schemes for uplink in R17.
Proposal 5: In R17, only TDM-based multi-TRP is specified for PUSCH/PUCCH.
Slot aggregation for PUSCH and inter-slot repetition for PUCCH formats 1, 3, and 4 are supported in R15. In R16, PUSCH repetition types A and B are introduced. Hence, it would be more straightforward to introduce TDM-based multi-TRP on top of the existing repetition schemes.
Proposal 6: PUSCH repetition types A and B can be reused, where each slot/repetition can target a specific TRP.
Proposal 7: Inter-slot PUCCH repetition can be reused, where each slot/repetition can target a specific TRP.
In UL, frequency hopping (FH) is supported for PUSCH/PUCCH for exploiting frequency diversity. For PUSCH repetition type A, intra-slot FH and inter-slot FH are supported. For PUSCH repetition type B, inter-repetition FH and inter-slot FH are supported. As for PUCCH, intra-slot FH is supported for all PUCCH formats and inter-slot FH is supported for PUCCH formats 1, 3, and 4. Similar to frequency hopping, multi-TRP operation can be used to exploit signal diversity coming from the spatial domain. Thus, the different modes of FH can be a starting point for specifying TDM-based multi-TRP, as shown in Figure 4.


Figure 4: Potential schemes for time-based multi-TRP, based on FH

Proposal 8: The different modes of frequency hopping can be a starting point for TDM-based multi-TRP.
Finally, considering both reliability and latency, intra-slot repetition may be needed for PUCCH. For intra-slot repetition, there can be two alternatives: 
Alt. 1: A PUCCH resource has two transmission occasions, each for one distinct TRP.
Alt. 2: A UCI can be transmitted on two PUCCH resources, where each PUCCH resource is intended for one distinct TRP.
In case that a UCI to be received by single TRP can be multiplexed with a UCI to be received by multiple TRPs, Alt. 2 seems to be a better solution. Otherwise, both alternatives should work, except that Alt. 2 can be more flexible since the two PUCCH resources can have different PUCCH formats.
Proposal 9: Take UCI multiplexing into account when designing multi-TRP operation for PUCCH.

4. Conclusion
In summary, based on the above discussion we have the following proposals:
Proposal 1: Associate two search space sets which are mapped onto two different CORESETs for PDCCH repetition. 
· Use the same configurations such as duration, nrofCandidates, monitoringSymbolsWithinSlot for two associated search space sets and cce-REG-MappingType, duration, the number of RBs for two corresponding CORESETs
· Transmit the same payload of DCI using PDCCH candidates with the same index (= ) and the same aggregation level L in two associated search space sets A and B
Proposal 2: Introduce new MAC CE to activate/deactivate the association of two search space sets for PDCCH repetition. 
Proposal 3: To indicate the repetition number, use monitoringSlotPeriodicityAndOffset, duration and/or monitoringSymbolsWithinSlot in SearchSpace.
Proposal 4: Slot offset K0 can be calculated based on the last repetition where the index of repetition can be counted first in monitoring occasion and in ascending order of index(es) of CORESETs or search space sets.
Proposal 5: In R17, only TDM-based multi-TRP is specified for PUSCH/PUCCH.
Proposal 6: PUSCH repetition types A and B can be reused, where each slot/repetition can target a specific TRP.
Proposal 7: Inter-slot PUCCH repetition can be reused, where each slot/repetition can target a specific TRP.
Proposal 8: The different modes of frequency hopping can be a starting point for TDM-based multi-TRP.
Proposal 9: Take UCI multiplexing into account when designing multi-TRP operation for PUCCH.
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