3GPP TSG RAN WG1 #102-e                                                                                 
    R1-2005821
e-Meeting, Aug. 17th – Aug. 28th, 2020
Agenda Item:
8.1.2.1
Source:
Lenovo, Motorola Mobility
Title:
Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
Document for:
Discussion 
1 Introduction
In RAN#86, a new work item named “Further enhancements on MIMO for NR” was agreed. As described in the SID [1], channels other than PDSCH can benefit from multi-TRP transmission (as well as multi-panel reception). One objective to work is to extend specification support for enhancement on multi-TRP deployment, targeting both FR1 and FR2, which includes:
· 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 firstly discuss the scenarios for PDCCH/PUCCH/PUSCH enhancement with multiple TRPs. Then we provide possible features for PDCCH/PUCCH/PUSCH enhancement to improve reliability and robustness, including the potential specification issues and the high-level solutions.
2 Discussion on scenarios for PDCCH/PUCCH/PUSCH enhancement with multiple TRP
2.1 Blocking scenario
With large scale antenna array, the large beamforming gain can be achieved. It can improve cell average and edge throughput. On the other hand, the beam width is reduced and it is relatively easier for the UE to be blocked because of limit beam coverage. With blocking, there is a large additional loss, e.g. 20dB. Thus, the transmission reliability and robustness issue should be considered. For FR2, there is large pathloss on account of high carrier frequency and large beamforming gain is required to compensate for pathloss. If the link with large beamforming gain is blocked, the transmission reliability and robustness cannot be guaranteed. As one example shown in Fig.2, If beam is only transmitted from one TRP, it may have reliability and robustness issue since the transmit beam from TRP 2/TRP 1 is blocked for location 1/2, respectively. Thus, we have the following observation:  

Observation 1: Blocking scenario, especially for FR2, need be considered for PDCCH/PUCCH/PUSCH enhancement with multiple TRP.
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Fig.1 Illustration for blocking issue
2.2 URLLC scenario with available PDSCH enhancement with multiple TRP in Rel.16 

For URLLC scenario, e.g. factory automation, transport industry, AR/VR, higher requirement on transmission reliability is needed relative to that for eMBB scenario. In Rel.16, SDM scheme, i.e. scheme 1a, FDM scheme, i.e. scheme 2a/2b and TDM scheme, i.e. scheme 3 and scheme 4 are agreed and specified for PDSCH transmission with multiple TRP for URLLC scenario [2]. But there is no further enhancement for PDCCH/PUCCH/PUSCH on account of urgent time budget. Actually, it is necessary to make further enhancement for PDCCH/PUCCH/PUSCH since robustness and reliability are very important for control channel and there is requirement for matching of service range between PDSCH and PDCCH/PUCCH/PUSCH. Thus, we have the following observation:     

Observation 2: It is necessary to support URLLC for PDCCH/PUCCH/PUSCH enhancement with multiple TRP. 
2.3 Small bandwidth scenario

PDCCH capacity is limited for case of small bandwidth configuration or more scheduled users by MU-MIMO. As one example shown in Fig.2, it is not possible to support UE with aggregation level 16  in control resource set (CORESET) of one OFDM symbol, 100M bandwidth and 120KHz subcarrier spacing (SCS) on account of only 11 CCEs in one OFDM symbol for 100M bandwidth, which is one of typical PDCCH configuration for FR2. Also, it is not possible to support more than one UE with aggregation level 8 in one OFDM symbol with same reason. There is similar issue in case of 20M bandwidth with 30KHz SCS for FR1. Thus, it also need consider how to guarantee the PDCCH reliable transmission in this small bandwidth scenario.  
Observation 3: Small bandwidth configuration scenario, e.g. 100M for FR2, 20M for FR1 can be considered for PDCCH enhancement.
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Fig.2 Limited PDCCH resource for high aggregation level UE in case small bandwidth configuration

With enhanced PDCCH transmission with multiple TRP, additional transmission resource may be introduced in spatial domain by different beams from different TRP. It can be exploited to increase PDCCH capacity and/or improve PDCCH robustness. From system view, transmission reliability and spectrum efficient can be considered together for PDCCH enhancement on account of limited total resource for PDCCH transmission. If spectrum efficiency for PDCCH transmission is improved, the more PDCCH resource can be remaining and used for UE with poor channel quality to improve reliability. 
Observation 4: From system view, transmission reliability and spectrum efficiency need to be considered together for PDCCH enhancement. 
3 Discussion on PDCCH/PUCCH/PUSCH enhancement with multiple TRP

3.1 PDCCH enhancement
For PDSCH enhancement with multiple TRP for URLLC scenario, there is hot and fruitful discussion in Rel.16 [2]. In general, four kind of schemes, i.e. SDM/FDM/mini-slot level TDM/slot level TDM, are agreed. In detail, for scheme 1, i.e. SDM scheme, there are multiple TCI states within the single slot with overlapped time and frequency resource allocation. More specifically, each transmission occasion is a layer or a set of layers of the same TB with each layer or layer set is associated with one TCI and one set of DMRS port(s).  For scheme 2, i.e. FDM scheme, there are multiple TCI states within the single slot with non-overlapped frequency resource allocation. Each non-overlapped frequency resource allocation is associated with one TCI state. Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations. For scheme 3, i.e. mini-slot level TDM scheme, there are multiple TCI states within the single slot with non-overlapped time resource allocation. For scheme 4, i.e. slot level TDM, there are multiple TCI states with multiple different slots. In principle, similar transmission mechanism can be considered to enhance PDCCH transmission with multiple TRPs since they have the same optimization goal, i.e. reliability and robustness. Therefore, we have the following proposal: 
Proposal 1: TDM/FDM/SDM schemes proposed for PDSCH enhancement for URLLC with multiple TRPs transmission can be a start point for evaluation and specification discussion for PDCCH enhancement.
For TDM schemes, UE can receive multiple PDCCH transmission from multiple TRPs in multiple time instances. It can improve transmission reliability by spatial/time diversity reception and soft combination. Furthermore, it has no requirement for simultaneous receiving PDCCH from different TRP, which is attractive for low cost UE. And, repetition number and transmission switching between TRPs are flexible. It can be used for case with bad channel conditions with large repetition number. With good tradeoff between reliability and latency, mini-slot level TDM scheme can be considered. Since PDCCH is transmitted with multiple times in multiple time instance, the timing relationship between PDCCH and PDSCH, PUCCH resource determination and HARQ-ACK codebook need to be considered and may need to be redesigned. 
For FDM/SDM schemes, UE can receive multiple PDCCH transmission from multiple TRPs in multiple frequency domain resources, e.g. non-overlapping CORESET, REG, REG bundle, CCE, etc. and/or multiple spatial domain resource, i.e. spatial layer. It can improve transmission reliability by spatial/frequency diversity receiving and soft combination. However, it has requirement for simultaneous receiving PDCCH from different TRP, which can be achieved only by UE with high capability, e.g. multiple panels. For pure SDM scheme, multiple layers are used for multiple PDCCH transmission as one simple realization scheme. There will be interference between layers and have impact on reliability. To minimize the impact, the interference between layers should be carefully controlled by quasi-orthogonal beam selection. But final impact depends on the evaluation results. For DM-RS, different scrambling sequences can be used for quasi-orthogonal DM-RS ports, which is similar as quasi-orthogonal DM-RS design in Rel.10 in LTE system. Moreover, coherent single layer transmission scheme can be considered with more combination gain for further enhancement. From spectrum efficiency view, SDM related scheme is best since it exploits spatial resource as much as possible. From this view, it can be considered in small bandwidth scenario for enhanced PDCCH transmission.
Based on above discussion, we have the following proposals:
Proposal 2: TDM schemes can be considered as the baseline for PDCCH enhancement.
Proposal 3: FDM/SDM schemes can be considered only for UE with high capability for receiving multiple beams simultaneously, e.g. multiple panels.
For PDSCH enhancement with multiple TRPs in Rel.16, one CORESET in a “PDCCH-config” corresponds to one TRP, which is used to support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs). Based on the same principle, multiple CORESET can be used for enhanced PDCCH with multiple transmission. Each CORESET is transmitted from one TRP and associated with one TCI state, which is same as CORESET design framework in Rel.15. As another alternative, single CORESET with multiple TCI states can be considered, where each TCI state is associated with PDCCH transmission from one TRP. It follows TCI design principle for PDSCH transmission with multiple TRP and can be thought as an extension from design for PDSCH transmission. Therefore, we have the following proposal:  
Proposal 4: Multiple associated CORESETs or single CORESET with multiple TCI states can be considered for PDCCH enhancement.
When one CORESET with multiple TCI states is configured, one search space set can be used for monitoring PDCCH with multiple transmission. PDCCH will be transmitted from multiple TRP on multiple monitoring occasions or multiple REG/CCEs in the search space set. Alternatively, when more than one CORESETs are configured, a joint search space set with multiple component search space sets can be used to monitor multiple PDCCH transmission, where each component search space set is associated with one TCI state and used for monitoring PDCCH transmitted from one TRP. Therefore, we have the following proposal:  
Proposal 5: Multiple monitoring occasions in one search space set or multiple component search space sets can be used for PDCCH with multiple transmission.
To further improve PDCCH transmission reliability, soft combination can be used for multiple receive signals for multiple PDCCH transmission. For monitoring one PDCCH transmission, the aggregation level and candidate number can be configured. Thus, the detection complexity can be managed within UE capability. However, for monitoring multiple PDCCH transmissions, there are huge number of combinations between candidates for multiple transmission, where different candidates may correspond to same or different aggregation levels. For example, if candidate number for one component search space set is 44, the total blind detection number for the joint search space set with two component search space sets is 1936 without any restriction. Thus, some restriction is required to reduce possible candidate combination number and thus keep the acceptable decoding complexity. Therefore, we have the following proposal:     
Proposal 6: Blind decoding complexity for soft combination of candidates from multiple transmissions needs to be considered.
In current NR system, there is no specific CSI feedback for PDCCH transmission. CSI feedback for PDSCH transmission is used for gNB to allocate transmission resource for PDCCH. Therefore, enhanced CSI feedback can be considered specially for enhanced PDCCH transmission. In detail, when PDCCH is transmitted from multiple TRP with SDM, accurate feedback mechanism with joint beam selection can be considered where not only the channel quality but also the interference between beams from different TRPs is considered. From another view, PDCCH is transmitted from multiple CCE in one CORESET, where CORESET is indicated with bitmap by the higher-layer parameter frequencyDomainResources with 6 PRB granularity and CCE is composed of 6 REG/PRBs. Therefore, if wideband CSI or subband CSI with 6PRB subband size for CSI feedback is derived from reference CSI-RS in the CORESET, reported CSI is well matched with PDCCH transmission and provides more accurate information for gNB’s resource allocation. Based on above discussion, we have the following proposal:  
Proposal 7: CSI Feedback should be enhanced for PDCCH transmission. 
3.2 PUCCH enhancement

3.2.1 PUCCH repetition enhancement

PUCCH repetition is a most straightforward way to improve reliability and robustness of PUCCH and is already supported in R15. However, the same beam is used to transmit multiple repetitions of a PUCCH resource in R15. In R17, multiple beams can be used to transmit multiple repetitions of a PUCCH resource to obtain the spatial diversity and further improve reliability and robustness. Three schemes, i.e. TDM, FDM and SDM, are supported in R16 URLLC PDSCH repetition. However, whether the three schemes can be supported in PUCCH repetition should be discussed firstly. Similar with R16 URLLC PDSCH, multiple beams of repetitions of a PUCCH resource correspond to reception by multiple TRPs. And only one panel can be used to transmit UL transmission even if multiple panels are activated in a UE side in R17. Besides, power of UL transmission is limited compared to DL transmission. On the one hand, if PUCCH repetition is transmitted in SDM or FDM scheme, it will need to use multiple beams to transmit multiple repetitions simultaneously and each beam is corresponding to one TRP of multiple TRPs. However, the pathloss reference RS associated with each beam is different since each beam corresponds to one TRP. Therefore, the power of multiple repetitions in same OFDM symbols of a slot will have to be different. Besides, it’s possible that multiple beams transmitting multiple PUCCH repetitions simultaneously corresponds to multiple panels, while multiple panels transmitting simultaneously in UE side is not supported in R17. Therefore, it’s very hard to support PUCCH repetition with SDM or FDM scheme. On the other hand, PUCCH repetition with multiple beams by using TDM scheme can be supported without the problems mentioned by using SDM/FDM scheme. Based on the analysis above, we propose that:

Proposal 8: PUCCH repetition with multiple beams should support TDM scheme only.

In the following, we discuss several aspects of PUCCH repetition enhancement in R17 to see whether it should be enhanced and how it can be enhanced.

Spatial relation information 

In R15, spatial relation information of a PUCCH resource is activated by a MAC CE and only one spatial relation information can be activated by the MAC CE. Multiple beams will be used to transmit a PUCCH resource with repetition in R17, therefore, multiple spatial relation information should be activated for the PUCCH resource. According to the analysis above, we propose that:

Proposal 9: The spatial relation of PUCCH should be enhanced to include multiple TX beams activated with MAC-CE.
Repetition number indication

In R15, the repetition number of PUCCH resource is configured by RRC per PUCCH format which means all the PUCCH resources with a same PUCCH format is configured with a same repetition number. It is low flexible and may need frequently reconfigure when the channel status changes fast. Therefore, we propose that:

Proposal 10: Flexible number of repetition of PUCCH resource should be supported.
Beam mapping pattern

In R16 URLLC scheme 4, two beam mapping patterns are supported which are cyclical mapping pattern and sequential mapping pattern. Therefore, at least the two beam mapping patterns should be supported in R17 PUCCH repetition.

Proposal 11: Cyclical mapping pattern and sequential mapping pattern should be supported in R17 PUCCH repetition.

Power control

In R15, the power of all repetitions of a PUCCH resource is same since the set of power control parameters of all repetitions of the PUCCH resource is same. As we all know that the set of power control parameters of PUCCH resource is associated with the spatial relation information of the PUCCH resource when the PUCCH resource is configured with a spatial relation information or is predefined when the PUCCH resource is not configured with a spatial relation information. However, when multiple spatial relation information are configured for a PUCCH resource with repetition in R17, multiple sets of power control parameters associated with multiple spatial relation information need to be configured. The power of each repetition of a PUCCH resource with repetition is determined by its associated spatial relation information, while the associated spatial relation information of each repetition is determined by the beam mapping pattern. Therefore, the power of each repetition of a PUCCH resource with repetition is determined by the beam mapping pattern, and we propose that:

Proposal 12: Power control mechanism should support PUCCH repetition with multiple spatial relations. 
Frequency hopping 

When multiple beams are used to transmit a PUCCH resource with repetition and multiple TRPs are used to receive it, there are multiple links for transmitting the PUCCH resource with repetition, while there is only one link for transmitting the PUCCH resource with repetition in R15. In R15, inter-slot frequency hopping is supported for PUCCH repetition to obtain the frequency diversity of the link between UE and the single TRP. Since there are multiple links between UE and gNB for a PUCCH resources with repetition in R17, the inter-slot frequency hopping for R17 PUCCH repetition should be able to obtain the frequency diversity between UE and all TRPs. Therefore, we propose that:

Proposal 13: The inter-slot frequency hopping for PUCCH repetition should be used to obtain the frequency diversity between UE and all TRPs in R17.

3.2.2 UCI transmission enhancement

PUCCH repetition is one way to improve the reliability and robustness of UCI transmission, however, there is another way to improve the reliability and robustness of UCI transmission which is just transmitting a same UCI in multiple PUCCH resources since PUCCH resource is used to carry UCI. Considering the power limitation and transmitting panel limitation as we analyzed before, the multiple PUCCH resources should be TDMed. And in order to obtain the spatial diversity, the multiple PUCCH resources carrying a same UCI should be received in multiple TRPs. How to indicate the multiple PUCCH resource for carrying a same UCI can be further studied. Therefore, we propose that:

Proposal 14: Support a UCI transmitted in multiple PUCCH resources to increase the reliability and robustness of UCI transmission. How to indicate the multiple PUCCH resources can be further studied.
3.3 PUSCH enhancement

Same with PUCCH enhancement, PUSCH repetition is a most straightforward way to improve reliability and robustness of PUSCH which is already supported in R15 and R16. However, the beam used to transmit multiple PUSCH repetitions is same in R15 and R16, while multiple beams can be used to transmit multiple PUSCH repetitions in R17 which can obtain the spatial diversity to further improve reliability and robustness. Same reason with PUCCH repetition which are power limitation of UL transmission and panel limitation of UL transmission, it is hard to support PUSCH repetition with SDM or FDM schemes. Therefore, we propose that:

Proposal 15: PUSCH repetition with multiple beams should only support TDM scheme.

In the following, we discuss several aspects of PUSCH repetition enhancement in R17 to see whether it should be enhanced and how it can be enhanced.

Spatial relation information 

In R15, the spatial relation information of a PUSCH transmission is the spatial relation information of the SRS resource for codebook based transmission or the SRS resource subset for non-codebook based transmission indicated by SRI of the scheduling DCI. In order to support PUSCH transmission with repetition with multiple UL beams, multiple UL spatial transmission filters need to be indicated by DCI. If UL TX beam is associated with SRS resources indicated by SRI, the SRI field should be enhanced. If UL-TCI is introduced to signal the UL TX beam separately, the UL-TCI field should include multiple UL spatial relations. Either way the gNB need to indicate in the scheduling DCI multiple spatial relations for the PUSCH. Therefore, we propose that:

Proposal 16: To support PUSCH repetition with multiple beams, multiple spatial relation information should be supported.
Repetition number indication

In R16 URLLC, two types of PUSCH repetition is specified which are PUSCH repetition Type A and PUSCH repetition Type B. The repetition number of PUSCH repetition is indicated in TDRA field in the corresponding DCI in both two types of PUSCH repetition which is same to R16 URLLC PDSCH scheme 4. The scheme of repetition number indication of PUSCH repetition in R16 can be reused, and we propose that:

Proposal 17: TDRA field should indicate the number of PUSCH repetition in R17.
Beam mapping pattern

In R16 URLLC scheme 4, two beam mapping patterns are supported which are cyclical mapping pattern and sequential mapping pattern. Therefore, at least the two beam mapping patterns should be supported in R17 PUSCH repetition. There is only one repetition in a slot for R15 PUSCH repetition and R16 PUSCH repetition Type A, while there can more than one repetitions in a slot for R16 PUSCH repetition Type B. While the two beam mapping patterns specified in R16 is applied per slot, how to apply the beam mapping pattern for PUSCH repetition Type B should be further studied. Therefore, we propose that:

Proposal 18: Cyclical mapping pattern and sequential mapping pattern should be supported in R17 PUSCH repetition.

Proposal 19: How to apply the beam mapping pattern for PUSCH repetition Type B should be further studied in R17.

Power control

In R15, the power of all repetitions of a PUSCH transmission is same since the set of power control parameters of all repetitions of the PUSCH transmission is same. As we all know that the set of power control parameters of PUSCH transmission is associated with the SRI in the scheduling DCI. However, as we proposed before, the scheduling DCI should be enhanced to indicate multiple spatial relation information. Similar with R15, each spatial relation information of multiple spatial relation information indicated by the enhanced SRI field will be associated with a set of power control parameters including at least a pathloss reference RS. Therefore, the power control of a PUSCH transmission with repetition should be enhanced where multiple sets of power control parameters can be indicated, and we propose that

Proposal 20: The power control of a PUSCH repetition with multiple spatial relations should include multiple sets of power control parameters.

Frequency hopping 

When multiple beams are used to transmit a PUSCH transmission with repetition and multiple TRPs are used to receive it, there are multiple links for transmitting the PUSCH transmission with repetition, while there is only one link for transmitting the PUSCH transmission with repetition in R16. In R16, inter-slot and inter-repetition frequency hopping is supported for PUSCH repetition to obtain the frequency diversity of the link between UE and the single TRP in multiple repetitions. Considering there are multiple links between a UE and gNB for a PUSCH transmission with repetition, inter-slot frequency hopping and inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity between UE and all TRPs. Therefore, we propose that:

Proposal 21: The inter-slot frequency hopping and the inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity between UE and all TRPs.
4 Conclusions
As a summary, we have the following observations and proposals on PDCCH, PUCCH and PUSCH enhancements with multi-TRP:
Observation 1: Blocking scenario, especially for FR2, need be considered for PDCCH/PUCCH/PUSCH enhancement with multiple TRP.

Observation 2: It is necessary to support URLLC for PDCCH/PUCCH/PUSCH enhancement with multiple TRP. 
Observation 3: Small bandwidth configuration scenario, e.g. 100M for FR2, 20M for FR1 can be considered for PDCCH enhancement.
Observation 4: From system view, transmission reliability and spectrum efficiency need to be considered together for PDCCH enhancement. 
Proposal 1: TDM/FDM/SDM schemes proposed for PDSCH enhancement for URLLC with multiple TRPs transmission can be a start point for evaluation and specification discussion for PDCCH enhancement.
Proposal 2: TDM schemes can be considered as the baseline for PDCCH enhancement.
Proposal 3: FDM/SDM schemes can be considered only for UE with high capability for receiving multiple beams simultaneously, e.g. multiple panels.
Proposal 4: Multiple associated CORESETs or single CORESET with multiple TCI states can be considered for PDCCH enhancement.

Proposal 5: Multiple monitoring occasions in one search space set or multiple component search space sets can be used for PDCCH with multiple transmission.

Proposal 6: Blind decoding complexity for soft combination of candidates from multiple transmissions needs to be considered.

Proposal 7: CSI Feedback should be enhanced for PDCCH transmission. 
Proposal 8: PUCCH repetition with multiple beams should support TDM scheme only.

Proposal 9: The spatial relation of PUCCH should be enhanced to include multiple TX beams activated with MAC-CE.
Proposal 10: Flexible number of repetition of PUCCH resource should be supported.
Proposal 11: Cyclical mapping pattern and sequential mapping pattern should be supported in R17 PUCCH repetition.

Proposal 12: Power control mechanism should support PUCCH repetition with multiple spatial relations. 
Proposal 13: The inter-slot frequency hopping for PUCCH repetition should be used to obtain the frequency diversity between UE and all TRPs in R17.

Proposal 14: Support a UCI transmitted in multiple PUCCH resources to increase the reliability and robustness of UCI transmission. How to indicate the multiple PUCCH resources can be further studied.
Proposal 15: PUSCH repetition with multiple beams should only support TDM scheme.

Proposal 16: To support PUSCH repetition with multiple beams, multiple spatial relation information should be supported.
Proposal 17: TDRA field should indicate the number of PUSCH repetition in R17.
Proposal 18: Cyclical mapping pattern and sequential mapping pattern should be supported in R17 PUSCH repetition.

Proposal 19: How to apply the beam mapping pattern for PUSCH repetition Type B should be further studied in R17.

Proposal 20: The power control of a PUSCH repetition with multiple spatial relations should include multiple sets of power control parameters.

Proposal 21: The inter-slot frequency hopping and the inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity between UE and all TRPs.
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