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1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objectives were agreed to read as follows [1]:
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we focus on the first objective, which is to improve reliability and robustness for channels PDCCH, PUCCH, and PUSCH. 
2.    Discussion
In the next sub-sections, we discuss details related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH, and PUSCH. 
2.1	PDCCH enhancement with multi-TRP
Rel-17 FeMIMO shall consider reliability enhancement on PDCCH by considering multi-TRP and/or multi-panel, and we first try to identify the scope of the required enhancements. From our understanding, the main problem of the reliability of existing PDCCH design is that it is not robust for blockage situation. Especially in FR2, where LOS channel is recommended to enable the benefits promised by FR2, the changes due to blockage can be significant where reliability targets may not be achieved. In Rel-16, RAN1 introduced several schemes for PDSCH reliability enhancements by considering multi-TRP framework. However, even that design relies on single DCI transmission, where bottleneck becomes the PDCCH reception. We think that PDCCH reliability schemes should address these issues as much as possible in Rel-17. Also, the lessons learned in Rel-16 multi-TRP discussions should be considered more carefully, where we do not end-up only optimizing FR1 operation, and FR2 operation is somewhat left behind. PDCCH reliability enhancement is important for both FR1 and FR2, and RAN1 should address these carefully when taking making general agreements, where additional aspects may be required to agree for FR2 operation. 
Proposal 1: Features to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel, shall consider, 
· Both FR1 and FR2 with equal importance, 
· Consider possible blockage scenarios, 
· Provide backward compatibility to multi-TRP URLLC schemes introduced for PDSCH. 

Next, we discuss several aspects that should be focused on PDCCH reliability enhancement. Reliability enhancements can be thought generally related to the repetition of the same DCI via multiple TRP. Here, we can check the feasibility of supporting FDM, SDM, and TDM based repetition for PDCCH. Compared to PDSCH schemes, one difference in PDCCH would be that there is nothing called incremental redundancy (IR) gain by repeating the DCI over multiple TRPs. So, the main benefit other than robustness to blockage situation is that the possibility of harnessing chase combining (CC) gain, where PDCCH from two TRPs may be soft combined at the UE side. One other aspect related to transmission would be whether single DCI is repeated via multi-TRP or single DCI is transmitted using multi-TRP, where the latter one is more like FDM scheme 2a specified in Rel-16. In summary, it would be useful to see whether there is any benefit of transmitting different REGs/CCEs of the same PDCCH candidate via multiple TRPs, such that different REGs/CCEs experience different fading conditions. 
Proposal 2: Multi-TRP PDCCH reliability enhancement schemes can be identified considering different aspects such as, 
· Repetition schemes for PDCCH considering SDM, FDM, and TDM. 
· Transmission of the CCEs/REGs of the same PDCCH candidate via multiple TRPs. 
 
When it comes to changes to the Rel-15/16 PDCCH framework, basic components of NR PDCCH design must be reused, especially without changes to PDCCH physical layer structure (i.e., channel coding and DCI construction), DCI formats, mapping of PDCCH to CORESET, search space sets, PDCCH candidate HASH function, monitoring capabilities and overbooking, and other. The discussion could be focused more on TCI states used for CORESET, search space, monitoring occasion, CCEs/REGs and other relevant changes required to enable the schemes in Rel-17 discussion. 
Proposal 3: Multi-TRP PDCCH reliability enhancement shall not be focused on changing basic framework of NR PDCCH design, and should be more focused on the exact schemes that are required provide reliability enhancements considering mainly TCI framework of the PDCCH. 

In Rel-15/16, the one or more TCI state(s) can be configured per CORESET, and one TCI can be active at a given time via MAC CE activation signalling. The TCI state comprises QCL source RSs from which one at FR2 (and beyond) is QCL-TypeD RS indicating UE how to set up its receive beam in order to be able to receive the PDCCH. In other words, the UE would use the same RX beam for the PDCCH reception as it used to receive the given QCL-Type D source RS. With the use of multiple CORESETs as it allows activating different TCI states, it is already allowed to use different QCL information for each of CORESET. However, the maximum that we may have to consider in terms of CORESETs would be three as in Rel-15. Figure 1 shows a high-level view on CORESETs and relation to search space sets in NR. Here, we see that the main limitation is that there is only one activated TCI state per CORESET, which now has to be used with different SS sets.  
[image: ]
Figure 1: Rel-15/16 TCI association for CORESETs. One activated TCI state per CORESET.

To enable PDCCH repetition and transmit beam diversity/hopping for the repetitions one feasible approach is that MAC-CE used for TCI state activation for CORESET shall be enhanced such that more than one TCI state can be activated per CORESET. Then the remaining question would be on how these multiple TCI states can be applied to SS sets and monitoring occasions. 
Proposal 4: For multi-TRP PDCCH reliability enhancement, RAN1 shall consider activating more than one TCI state per CORESET, which can be then further considered for different PDCCH repetition schemes.  
For SDM like scheme, it may be reasonable that all PDCCH candidates that UE is monitoring shall consider two TCI states corresponding to two TRPs, and fully overlapping PDCCH reception is possible at the UE. For example, when there is multiple panel reception at the UE, it seems to be a reasonable assumption of using separate transmission from different TRPs, such that combining gain is enhanced. However, the problem with the Rel-15/16 design is that a single DMRS port is used for PDCCH and additional considerations are needed, such as having single DMRS port associated with two TCI states, in order to support SDM like scheme. 
Proposal 5: For PDCCH reliability enhancement schemes based on SDM shall be deprioritized. 
For TDM like schemes, things may be a bit different from SDM. If there are more than one activated TCI states per CORESET, the next question would be that which TCI state the UE would assume for the CORESET on a particular monitoring occasion defined by the search space set. This should consider the following aspects: 
· The UE is able to decode PDCCH independent of which transmission/repetition of the PDCCH is detected. Thus, the RX beam assumption at the UE should not be based on the repetition that is currently being transmitted since the UE may have missed one or more earlier transmissions/repetitions of the same PDCCH (i.e. single DCI transmitted using multiple PDCCH transmissions). 
· When the UE detects Nth PDCCH transmission, how the UE determines correctly the time domain resource allocation e.g. for the scheduled PDSCH transmission. 
· When the UE detects the PDCCH transmission via soft combining of multiple repetitions, how to perform soft combining of different repetitions to improve reception performance.
We think that the above aspects shall be considered carefully when finalizing PDCCH repetition scheme(s) in Rel-17. 

Proposal 6: For PDCCH reliability enhancement schemes based on TDM, the following aspects shall be considered when defining the scheme(s). 
· The UE is able to decode PDCCH independent of which transmission/repetition of the PDCCH is detected. 
· How the UE determines correctly the time domain resource allocation e.g. for the scheduled PDSCH transmission. 
· How to perform soft combining of different repetitions to improve reception performance.

In one straight forward method would be that a search space set is associated with certain active TCI state. However, that would require deviating from the principle that TCI state is a CORESET parameter. Also, it would prevent having multiple search space sets having parallel monitoring occasions, or at least would require specific attention that the at a certain time the UE may be able to receive using one RX beam only. That would complicate the solution where TCI state would be search space set specific and thus is not considered as a feasible option.
One may also consider a case where activated TCI states are transmitted in round-robin style, i.e. cycled over the TCI states activated for the CORESET and transmitted according to one at a time. However, the UE gets un-synch if it misses one transmission. 
We think that having the mapping between activated TCI states of the CORESET and monitoring occasions defined by the associated search space set of that CORESET can be a better way to use multiple activated TCI states per CORESET such a way that reliability is enhanced for PDCCH. Also, it is essential to consider a fixed period of such mapping to make sure that time-domain resource allocation reference can be derived regardless of which PDCCH is detected at the UE. Also, such a fixed(mini) period may also enable UE to understand which PDCCH transmissions can be soft combined or not. One possible example is provided in Figure 2. 
[image: ]
Figure 2: TDMed PDCCH repetition using activated TCI states of CORESET in different monitoring occasions of two slot period. 

Proposal 7: For PDCCH reliability enhancement schemes based on TDM, activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period. 

2.2	PUCCH enhancement with multi-TRP
Rel-15 NR defined the PUCCH slot repetition operation for PUCCH formats 1, 3 and 4, where the objective was to increase reliability and coverage for a transmitted UCI (uplink control information). For each of these formats, the PUCCH repetition operation, when configured, consists in repeating a PUCCH transmission carrying a (same) UCI over a configured number of consecutive slots. Specifically, for each of PUCCH formats 1, 3, or 4, a UE could be configured via RRC with a number of slots for PUCCH repetition operation, where this number of slots basically defines the number of repetitions. 
With the existing PUCCH repetition operation, the same spatial relation is used for all the PUCCH repetitions within a repetition bundle, thus only allowing transmissions using the same beam and thus essentially towards the same TRP. It is worth recalling that the spatial relation info for a PUCCH resource can be updated via MAC-CE. Obviously, a potential Rel-17 NR enhancement to increase reliability and robustness of PUCCH transmissions, mainly for FR2, e.g. from blockage point of view, would be to allow beam diversity for the PUCCH repetition operation. PUCCH can be repeated across multiple TRPs, or more specifically across multiple beams.
The existing PUCCH repetition operation relies on a TDM scheme, as the repetitions are done at different time instances. Whether simultaneous PUCCH repetitions, i.e. FDM/SDM schemes, should be supported in Rel-17 or not, needs to be discussed. In our view, Rel-17 enhancements on the PUCCH repetition operation should focus on TDM scheme(s), and FDM/SDM schemes can be considered as low priority. In addition, the Rel-15 PUCCH repetition operation only allows inter-slot repetitions. Thus, it should also be discussed whether intra-slot PUCCH repetition should be specified, which has the advantage of achieving lower latency.
Proposal 8: PUCCH reliability enhancements can be identified considering the following aspects: 
· PUCCH repetition operation across multiple TRPs/beams with a focus on TDM schemes.
· FFS: whether intra-slot repetitions should be considered.
With the current PUCCH repetition operation, the UE uses a same PUCCH resource index for the repeated PUCCH transmissions across multiple slots, meaning that each of these transmissions has at least an equal number of PRBs, the same number of consecutive symbols, and other. Since our main target here is to enable PUCCH repetition operation across TRPs/beams, such a homogenous resource allocation for the repeated PUCCHs may be far from optimal. Indeed, depending on the scenarios, the channel quality and characteristics may greatly differ from one TRP or beam to another. To take full advantage of PUCCH repetition operation combined with TRP/beam diversity, the PUCCH allocation could be tuned differently depending on the TRP towards or the beam on which the PUCCH repetition(s) is transmitted. Such an allocation could be essentially achieved by using at least one of the following options: 
· Option 1: Provide the UE with e.g. two PUCCH resources (each identified by a PUCCH resource index) instead of only one resource for the PUCCH repetition operation. This basically allows to have two resources (i.e. allocations) for the same PUCCH repetition bundle, where the mapping of a resource to a repetition depends on the associated TRP/beam.
· Option 2: Use a single PUCCH resource for the repetition operation but provide the UE with different parameter values, e.g. two numbers of PRBs, for the PUCCH repetition operation. In this case, different values of this parameter are used for the same PUCCH repetition bundle, where the mapping of a parameter value to a repetition depends on the associated TRP/beam.

Proposal 9: Study solutions to enable tuning PUCCH resources differently for repeated PUCCH transmissions depending on the associated TRP/beam for each transmission.
Independently of the PUCCH repetition operation, another aspect that could be studied is how to increase the robustness of periodic PUCCH resource configurations, such as SR configuration. In fact, each such configuration includes a PUCCH resource which has an associated spatial relation info that could be updated via MAC CE. If this spatial relation becomes unsuitable/outdated due to e.g. sudden blockage or even in case of MPE (maximum permissible exposure) events, the UE cannot really exploit this configuration until e.g. the spatial relation gets updated, which may take a long time; or until the situation goes back to the previous state. To guarantee at least better robustness and flexibility, one potential option would be to (also) exploit beam diversity by, e.g. associating the same configuration with more than one beam/TRP. Indeed, even if one beam becomes unsuitable to be used, e.g. due to blockage, the UE would still be able to use the configuration through another beam.
Proposal 10: Study enhancements for the robustness of periodic PUCCH resource configurations by exploiting multiple TRPs/beams.

2.3	PUSCH enhancement with multi-TRP
[bookmark: _Hlk528168953]PUSCH repetition operation defined in Rel-15 NR consists of repeating a TB over several consecutive (available) slots within the same repetition bundle, where the main objectives were to increase reliability and reduce latency. Specifically, for both DG (dynamic grant) and CG (configured grant), each slot contains a single PUSCH repetition and the time domain allocation for the repetitions is the same in those slots. However, this method, which is termed (starting from Rel-16) PUSCH repetition Type A, causes a relatively large time gap among the repetitions, and this may impact the latency performance for URLLC. This shortcoming motivated the introduction of a new method called PUSCH repetition Type B, specified in Rel-16 NR, to eliminate the time gap among repetitions and ensure the configured number of repetitions within a shorter latency constraint. 
In a similar way to other channels, PUSCH could also benefit from diversity due to multiple TRPs. Specifically, an enhancement on the current PUSCH repetition operations is to allow PUSCH to be repeated across multiple TRPs, or more specifically across multiple beams, and this could be applied to both PUSCH repetition Type A and Type B. Note that the existing PUSCH repetition operations rely on a TDM scheme. Whether simultaneous PUSCH repetitions, i.e. FDM/SDM schemes, should be supported in Rel-17 needs to be discussed. In our view, in a similar way to PUCCH repetition, Rel-17 enhancements on the PUSCH repetition operations should focus on TDM scheme(s), and FDM/SDM schemes can be considered as low priority. In addition, for the DG case, both multi-DCI and single-DCI designs are possible. We believe that the discussions should first focus on the single-DCI case as it would be the most typical design.
Proposal 11: PUSCH reliability enhancements can be identified considering the following aspects: 
· PUSCH repetition operations across multiple TRPs/beams with a focus on TDM schemes
· PUSCH repetition Type A and Type B can be considered.
· For DG PUSCH, focus on a single-DCI design. 

Regardless of the repetition operation, for CG PUSCH, in Rel-15 NR the UE is either configured (RRC) or signaled (RRC + DCI) the UL TX beam that it then uses for CG PUSCH transmission(s). To reduce latency in beam switch for CG PUSCH, gNB may use Type 2 CG PUSCH and change the TX beam using SRI field signaled through new UL grant to the UE. However, during UE’s inactivity, the TX and RX beam pair may become blocked or outdated, e.g. due to UE’s movement and/or rotation. With the current procedures, the problem can be solved by sufficiently frequent beam-pair link measurements and reporting and, when needed, re-determining and signaling the CG PUSCH parameters to the UE. However, this may greatly increase the overhead and UE power consumption. 
Based on the above discussion, the following can be noted: 
· CG PUSCH provides low latency only if the UE has beam pair links already “in shape” when data arrives to buffer – also when UE has been inactive for a while. During the inactivity, UE may move or be blocked by the movement of other items causing a change in the suitable beam pair links, especially in the case of multi-TRP deployment of a cell. However, active maintenance of beam pair links requires frequent periodic measurements and reporting, creating unnecessary large overhead.
· It would be desirable that UE with CG PUSCH resource(s) can be as inactive as possible when it does not have data to transmit. This would save the network and UE battery from overhead.

Thus, it would make sense to study and seek for a low overhead mechanism for the beam selection for multi-TRP CG PUSCH. That could potentially include e.g. UE’s autonomous selection and an indication of the UL TX beam for the coming CG PUSCH transmission(s). That would potentially require providing the UE with multiple CG PUSCH resources, each associated with a TX and RX beam pair in UL.
Proposal 12: Study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH. 

3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub-objective of the multi-TRP/panel transmission. The following proposals are made.
Proposal 1: Features to improve reliability and robustness for PDCCH using multi-TRP and/or multi-panel, shall consider, 
· Both FR1 and FR2 with equal importance, 
· Consider possible blockage scenarios, 
· Provide backward compatibility to multi-TRP URLLC schemes introduced for PDSCH. 

Proposal 2: Multi-TRP PDCCH reliability enhancement schemes can be identified considering different aspects such as, 
· Repetition schemes for PDCCH considering SDM, FDM, and TDM. 
· Transmission of the CCEs/REGs of the same PDCCH candidate via multiple TRPs. 
 
Proposal 3: Multi-TRP PDCCH reliability enhancement shall not be focused on changing basic framework of NR PDCCH design, and should be more focused on the exact schemes that are required provide reliability enhancements considering mainly TCI framework of the PDCCH. 
Proposal 4: For multi-TRP PDCCH reliability enhancement, RAN1 shall consider activating more than one TCI state per CORESET, which can be then further considered for different PDCCH repetition schemes.  
Proposal 5: For PDCCH reliability enhancement schemes based on SDM shall be deprioritized. 
Proposal 6: For PDCCH reliability enhancement schemes based on TDM, the following aspects shall be considered when defining the scheme(s). 
· The UE is able to decode PDCCH independent of which transmission/repetition of the PDCCH is detected. 
· How the UE determines correctly the time domain resource allocation e.g. for the scheduled PDSCH transmission. 
· How to perform soft combining of different repetitions to improve reception performance.

Proposal 7: For PDCCH reliability enhancement schemes based on TDM, activated TCI states of the CORESET and monitoring occasions defined by the SSSs to that CORESET shall be mapped with a predefined rule or configuration by considering a fixed period. 
Proposal 8: PUCCH reliability enhancements can be identified considering the following aspects: 
· PUCCH repetition operation across multiple TRPs/beams with a focus on TDM schemes.
· FFS: whether intra-slot repetitions should be considered.
Proposal 9: Study solutions to enable tuning PUCCH resources differently for repeated PUCCH transmissions depending on the associated TRP/beam for each transmission.
Proposal 10: Study enhancements for the robustness of periodic PUCCH resource configurations by exploiting multiple TRPs/beams.
Proposal 11: PUSCH reliability enhancements can be identified considering the following aspects: 
· PUSCH repetition operations across multiple TRPs/beams with a focus on TDM schemes
· PUSCH repetition Type A and Type B can be considered.
· For DG PUSCH, focus on a single-DCI design. 

Proposal 12: Study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH. 
[bookmark: _GoBack]
4. [bookmark: _Hlk4746949][bookmark: OLE_LINK9]References
[1] [bookmark: _Ref492382888]RP-193133, “Further enhancements on MIMO for NR,” 3GPP WID RAN1 #86. 
image1.emf
CORE

SET 

#1

CORE

SET 

#2

CORE

SET 

#1

CORE

SET 

#3

CORE

SET 

#1

CORE

SET 

#2

SS 

set 

#1

SS 

set 

#2

SS set 

#3

SS set 

#4

SS set 

#1

SS set 

#2

TCI #1 TCI #2 TCI #1 TCI #3 TCI #1 TCI #2



Slot 1 Slot 2 Slot 3


image2.png
UEassumes
forthe.
PDCCH.
reception:

I Monitoring occasion

I Activated TCl state #0 for the CORESET

associated to the CORESET [ Activated Tor state #1 for the CORESET

Mini-period (2 slots)

PDCCH transmission
for the UE

14 symbol slot
JR

| I |
1 T — T
Scheduled PDSCH
ransmission

I .

i omuni.i

UE detects PDCCH
v -
UE detects PDCCH in one of the monitoring occasionsin the second PDSCH reception

slot of the mini-period. The UE reads the scheduling information
that PDSCH s scheduled with scheduling offset of 4 lots. The UE
also reads that the first monitoring occasion for the PDCCH on
which DCI was transmitted was in the first slot of the mini-period.
Then UE determines that the PDSCH s actually scheduled with
scheduling offset of 3 lots calculated from the slot the PDCCH was
detected (.. UE had missed the PDCCH(s) in the first slot of the
mini-period).





