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Introduction
As approved in RAN #86, improvement of reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel was identified in the WID on further enhancement of MIMO in Rel-17 [1]: 
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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, the potential enhancements on PDCCH, PUCCH and PUSCH are discussed.
Enhancements on PDCCH
According to WID, features to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel will be considered in Rel.17, with Rel.16 reliability features as the baseline. In Rel.16, repetition schemes were enhanced for PDSCH, and multiple repetitions/versions of PDSCH can be multiplexed in SDM, FDM and TDM manners. Therefore, repetition schemes can also be considered for PDCCH.
Repetition schemes 
Similar to PDSCH repetition, candidate repetition schemes for PDCCH include TDM, FDM and SDM. Considering that PDCCH can only be transmitted in CORESET which occupies time and domain resources, repetition schemes for PDCCH can be intra-CORESET repetition, inter-CORESET repetition and SDM based repetition. Inter-CORESET repetition further includes,
· Intra-slot repetition with different CORESETs
· Inter-slot repetition with the same CORESET index in each slot 
· Inter-slot repetition with different CORESET indexes in each slot
In this section, a repetition is defined as a self-decodable PDCCH candidate, which can be decoded independently or decoded after soft combining with other PDCCH candidates. Whether these repetitions have exactly the same signaling contents or not will be discussed in the next section (section 2.2). The basic assumption is that one repetition is transmitted by one TRP. The case that different parts of one DCI/repetition are transmitted by different TRPs was not considered in this section.
Take 2 repetitions as an example, the comparison of the above-mentioned 5 schemes are shown in Figure 1.



Figure 1 Possible repetition schemes for PDCCH
For intra-CORESET repetition (Fig. 1.a), multiple repetitions of PDCCH are transmitted in different search space sets in one CORESET or different PDCCH candidates in one search space set. In this scheme, all PDCCH repetitions are transmitted within several symbols, and latency of the transmission is low. However, multiple repetitions are usually transmitted by different TRPs, which means that one CORESET shall be configured or activated at least two TCI states. Therefore, enhancements on the TCI states of the CORESET are needed. For example, each search space set or each PDCCH candidate shall be configured one TCI state. Besides, if the number of repetitions is large (e.g., 8, larger than the number of configured search space sets in one CORESET), one CORESET is not enough for all repetitions and other repetition schemes need to be used jointly (e.g., intra-CORESET repetition + SDM based repetition).
For intra-slot repetition with different CORESETs (Fig. 1.b), multiple repetitions of PDCCH are transmitted in different search space sets in different CORESETs. Since inter-CORESET multiplexing within a slot is a commonly used multiplexing scheme, similar multiplexing scheme shall be supported for PDCCH repetition in order not to restrict scheduling flexibility. In this scheme, each CORESET has one TCI state, and no enhancement on CORESET is needed.
For inter-slot repetition with the same CORESET index in each slot (Fig.1.d), multiple repetitions of PDCCH are transmitted in (not necessarily consecutive) N slots in the same or different search space sets in one CORESET. In order to reduce the complexity of blind detection, search space sets or PDCCH candidates in these slots can also be restricted to the same.
For inter-slot repetition with different CORESET indexes in each slot (Fig. 1.e), multiple repetitions of PDCCH are transmitted in (not necessarily consecutive) N slots in different search space sets in different CORESETs. If repetition pattern of each slot is not configured or predefined in advance, complexity of blind detection is huge. In order to support this repetition scheme, repetition pattern or association between two repetitions shall be defined.
For SDM based repetition (Fig. 1.c), multiple repetitions are transmitted with the same time and frequency resources but different TCI states. Currently, each CORESET has only one TCI state. In order to support this scheme, TCI framework shall be enhanced so that a CORESET is associated with two (or more) TCI states. Besides, whether to support PDCCH DMRS with more than one antenna port shall be discussed based on the detailed SDM based repetition scheme. 
In order not to limit the scheduling flexibility, all these repetition schemes can be considered.
Proposal 1: The following repetition schemes can be considered to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel:
· Intra-CORESET repetition
· Intra-slot repetition with different CORESETs
· Inter-slot repetition with the same CORESET index in each slot 
· Inter-slot repetition with different CORESET indexes in each slot
· SDM based repetition
Proposal 2：Enhancements on TCI states are needed for the following PDCCH repetition schemes,
· For intra-CORESET repetition scheme, TCI state can be configured per search space set or per PDCCH candidate.
· For SDM based repetition scheme,  a CORESET is associated with two (or more) TCI states.
It can be observed in Figure 1, except for SDM based repetition scheme, PDCCHs in different repetitions could have different time and/or frequency resources. There might be issues when DCI indicates scheduling gap (e.g., slot offset K0) of PDSCH. Take Figure 2 as an example, where inter-slot repetition with the same CORESET index in each slot is adopted. The network transmits DCI repeatedly in slot n and slot n+1, and the network would schedule PDSCH in slot n+2. If the signaling contents of two DCIs are exactly the same, the UE might think two PDSCHs are transmitted in two slots (see Figure 3 and Figure 4). Some mechanisms are needed to solve this issue. A straightforward method is that K0=2 and K0=1 are carried by DCIs in slot n and slot n+1, respectively. Besides, a predefined timing of DCI reception can be defined, and the scheduled PDSCH can be determined by this predefined timing and the indicated scheduling gap.


Figure 2 Example of PDSCH scheduling with PDCCH repetition scheme



Figure 3 Possible UE understanding when K0=2 are sent by two PDCCH repetitions



Figure 4 Possible UE understanding when K0=1 are sent by two PDCCH repetitions
Proposal 3: If multiple PDCCH repetitions are multiplexed in different symbols or slots, how to ensure two repetitions schedule the same PDSCH shall be discussed.
Content of DCI in each repetition
As we discussed in section 2.1, a repetition is defined as a self-decodable PDCCH candidate. Therefore, control signaling carried by different repetitions are not necessarily the same. In order to improve reliability of PDCCH and provide scheduling flexibility of the network simultaneously, the following two alternatives can be considered,
· Alt.1: DCIs in all PDCCH repetitions are exactly the same.
· Alt.2: DCIs in all PDCCH repetitions can be different.
For Alt.1, the advantage is that soft combining can be performed in the receiver to increase the performance of the PDCCH. However, without any prior information of time and frequency resources of PDCCH candidates, PDCCH is not easy to be detected through blind combining. In other words, combining gain is hard to achieve. The cost might be large complexity. If soft combining is not performed at the receiver, each DCI can also be decoded independently. If one or more DCIs have already been decoded successfully, the decoding procedure can be terminated.
For Alt.2, DCIs can be slightly different in all repetitions. In this way, more functions can be achieved by PDCCH repetition and reliability of PDCCH can be increased. For example, for two DCIs, only one information field of them is different. As we discussed in Section 2.1, in Figure 2, K0=2 and K0=1 can be carried by DCIs in slot n and slot n+1, respectively. In this method, two DCIs can point to the same PDSCH to avoid ambiguity at the UE side. Besides, resources of PDSCH are indicated by two PDCCH repetitions, which also increases reliability of the signaling. In another example, one information field can also be used to indicate position(s) of another PDCCH to reduce the complexity of blind detection. The detailed method is elaborated in Section 2.3. Similar to PDSCH repetition,  multiple different versions of control signaling are transmitted in this alternative. However, different from PDSCH repetition, these different versions can just be decoded independently.
Proposal 4: With regarding to the content of DCI in PDCCH repetition, the following two alternatives can be considered:
· Alt.1: DCIs in all PDCCH repetitions are exactly the same.
· Alt.2: DCIs in all PDCCH repetitions can be different.
Schemes to facilitate blind detection
In order to reduce complexity of blind detection, association among multiple repetitions or multiple transmission occasions can be established. If one of DCIs is detected successfully, time and frequency domain resources of the other DCIs can be acquired accordingly. 
The following associations can be considered.
Option 1: Time or frequency offset between two repetitions is configured or predefined. 
Option 2: Time and frequency resources of one DCI can be indicated by other DCI.
Option 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
For Option 1, a repetition pattern or repetition scheme can be configured or predefined. For example, PDCCHs are transmitted in the CORESETs or search space sets which meet some condition (e.g., CORESETs or search space sets with even index, or index offset between two CORESETs carrying PDCCHs is 3, etc.). Besides, all PDCCHs may have the same aggregation levels. Repetition schemes can also reflect the relations between two PDCCHs. For example, the configured repetition scheme is inter-slot repetition with the same search space index in each slot. When one PDCCH is decoded successfully, the range of blind detection can be narrowed down accordingly. In this alternative, no matter which PDCCH is detected successfully at first, the other PDCCHs or repetitions will determine their CORESET or search space set based on this detected PDCCH. 
For Option 2, there is a field in DCI to indicate time and frequency resources of other DCIs. For example, when two-stage DCI is adopted, the earliest several DCIs are used to carry CORESET index and/or search space set index of other DCIs. Compared with Alt.1, the offset between two PDCCHs can be changed dynamically. However, this alternative is not fit for the case that DCIs in all repetitions are exactly the same.
For Option 3, a repetition pattern related to TCI states can be predefined or configured. This pattern includes all TCI states of PDCCHs in the transmission, or an offset of TCI state ID between two PDCCHs. If one PDCCH is detected successfully, the TCI states of other PDCCHs are terminated. Therefore, the other PDCCHs will be detected within CORESETs with the determined TCI states. Besides, TCI states of other PDCCHs can also be informed by other DCIs with a new information field.
In our opinion, Option 1 is slightly preferred. Option 2 and Option 3 can be used as complement.
Proposal 5: The following associations among multiple PDCCH repetitions can be considered to reduce complexity of blind detection.
· Option 1: Time or frequency offset between two repetitions is configured or predefined. 
· Option 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Option 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
Simulation results
In order to justify the performance gain of PDCCH repetition and evaluate the performance of different decoding algorithms, we provide some preliminary LLS simulation results as shown in Figure 5 and Figure 6. The simulation assumptions can be found in the Table 1 in the Appendix. In the simulation, 0dB pathloss gap between two TRPs is assumed.
It is observed that, compared with R15 PDCCH (single TRP based transmission), both soft combining scheme and independent decoding scheme in PDCCH repetition can bring performance gain.
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Figure 5 BLER of PDCCH repetition, AL=8
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Figure 6 BLER of PDCCH repetition, AL=16
Observation 1: For PDCCH repetition, both soft combining scheme and independent decoding scheme can bring performance gain.
As we discussed in section 2.2, if DCIs in all PDCCH repetitions are exactly the same, both soft combining scheme and independent decoding scheme can be performed at the receiver.  If DCIs in all PDCCH repetitions are different, independent decoding can be adopted to decode PDCCH. Therefore, considering performance gain, these two transmission schemes can be considered in PDCCH repetition.
Proposal 6: Transmission schemes which require soft combining or independent decoding at the receiver can both be considered in PDCCH repetition.

PUSCH and PUCCH reliability enhancements
In Rel-16, due to lack of time, only PDSCH reliability enhancements were introduced for URLLC based on multi-TRP, although the initial objective was to study URLLC reliability/robustness enhancement with multi-TRP/panel/beam not only for PDSCH. As shown above, robustness and reliability enhancements for PDCCH, PUCCH, and PUSCH with multi-TRP are considered as one of the objectives of FeMIMO in Rel-17. 
Similar to URLLC enhancement for PDSCH introduced in Rel-16, coordination between TRPs can be used to improve reliability/robustness for UL channels as well. However, considering the limitation of UE capability and power efficiency, TDM seems to be the appropriate approach for PUCCH and PUSCH enhancement. That is, the time-domain resources allocated for the transmission of each repetition to one of the coordinated TRPs is not overlapped with those for other repetitions. 
To achieve that, the indication/configuration of SRS/spatialrelationinfo and resource needs to be extended. Besides that, the resource used for each repetition needs to be specified. For example, the spatial relation cycling patterns, such as spatialrelationinfo1, 2, 1, 2,... or 11, 22,…, need to be defined. 
Proposal 7: At least TDM based approaches can be considered for UL channel enhancement with M-TRP.
Proposal 8: For TDM schemes of PUSCH/PUCCH with M-TRP, the extension of SRS/spatialrelationinfo indication/configuration and resource allocation need further discussion.  
For the UE supporting simultaneous transmission to two TRPs, SDM scheme can also be considered for UL channels. SDM based repetition scheme can be used to improve the robustness and reliability against blockage with lower latency.
Proposal 9: For the UE supporting simultaneous transmission of multiple beams, SDM based repetition scheme can also be considered to improve the robustness and reliability against the blockage with lower latency.
The redundancy versions  applied in PUSCHs transmitted to different TRPs should adapt to channel characteristic. If the channel qualities experienced by two coordinated TRPs are similar, e.g. the pathloss gap is below 3dB, the appropriate redundancy versions for soft combing can be chosen. If deep fading caused by blockage happens in one uplink, the redundancy version for independent decoding is preferred.  Furthermore, for PUSCH repetition, the RV sequence can be applied per TRP or mapped onto transmission occasions directly without considering the spatial relation cycling pattern. 
Proposal 10: RV sequence should be specified for PUSCH enhancements with M-TRP.
In Rel-16, PDSCH reliability can be attained through S-DCI in the scenario with ideal-backhaul. Likewise, S-DCI based M-TRP can be considered to improve PUSCH robustness and reliability. For S-DCI case, extension to DCI is needed to indicate parameters such as SRI, RIs and TPMI of multiple TRPs. Besides, TPC command may also be extended for supporting separate PUSCH power control . 
For PUSCH robustness and reliability enhancements, another way to schedule multi-TRP based PUSCH repetition is through M-DCI. Scheduling PUSCHs through M-DCI may have minor spec. impact on DCI design. However, the cost is increasing in scheduling complexity and signaling overhead. 
Proposal 11: At least S-DCI based PUSCHs repetitions under MTRP scenario can be considered to improve PUSCH robustness and reliability. 
As for MTRP based PUSCHs/PUCCHs power control, considering that two coordinated TRPs which jointly receive PUSCHs/PUCCHs are non-co-located, the channel characteristics between TRPs are uncorrelated in general. Hence, for UL enhancement with M-TRP, separate power control for each link can be considered. 
Proposal 12: For UL enhancement with M-TRP, separate power control for each link can be considered.  
Conclusions
In this contribution we provide our views on some aspects need to be considered for supporting multi-TRP/panel-based reliability enhancement for PDCCH/PUCCH/PUSCH in Rel-17. Based on the discussion above, we have the following proposals:
Proposal 1: The following repetition schemes can be considered to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel:
· Intra-CORESET repetition
· Intra-slot repetition with different CORESETs
· Inter-slot repetition with the same CORESET index in each slot 
· Inter-slot repetition with different CORESET indexes in each slot
· SDM based repetition
Proposal 2：Enhancements on TCI states are needed for the following PDCCH repetition schemes,
· For intra-CORESET repetition scheme, TCI state can be configured per search space set or per PDCCH candidate.
· For SDM based repetition scheme,  a CORESET is associated with two (or more) TCI states.
Proposal 3: If multiple PDCCH repetitions are multiplexed in different symbols or slots, how to ensure two repetitions schedule the same PDSCH shall be discussed.
Proposal 4: With regarding to the content of DCI in PDCCH repetition, the following two alternatives can be considered:
· Alt.1: DCIs in all PDCCH repetitions are exactly the same.
· Alt.2: DCIs in all PDCCH repetitions can be different.
Proposal 5: The following associations among multiple PDCCH repetitions can be considered to reduce complexity of blind detection.
· Option 1: Time or frequency offset between two repetitions is configured or predefined. 
· Option 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Option 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
Observation 1: For PDCCH repetition, both soft combining scheme and independent decoding scheme can bring performance gain.
Proposal 6: Transmission schemes which require soft combining or independent decoding at the receiver can both be considered in PDCCH repetition.
Proposal 7: At least TDM based approaches can be considered for UL channel enhancement with M-TRP.
Proposal 8: For TDM schemes of PUSCH/PUCCH with M-TRP, the extension of SRS/spatialrelationinfo indication/configuration and resource allocation need further discussion.  
Proposal 9: For the UE supporting simultaneous transmission of multiple beams, SDM based repetition scheme can also be considered to improve the robustness and reliability against the blockage with lower latency.
Proposal 10: RV sequence should be specified for PUSCH enhancements with M-TRP.
Proposal 11: At least S-DCI based PUSCHs repetitions under MTRP scenario can be considered to improve PUSCH robustness and reliability. 
Proposal 12: For UL enhancement with M-TRP, separate power control for each link can be considered.  
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