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1. Introduction

Regarding multi-beam and multi-TRP operation which are two of the objectives in the WID [1], some enhancements on multi-beam operation (involving overhead reduction, DL beam management, UL beam management and SLS evaluation results for L1-SINR reporting) and multi-TRP operation (involving single PDCCH design, multiple DCI design, URLLC related enhancement) are discussed for NR Rel-16 in this contribution, respectively.

2. Enhancement(s) on multi-beam operation

2.1 Overhead reduction

2.1.1 TCI field in DCI when timing offset is less than the threshold

When the offset between the DL DCI and the corresponding PDSCH is less than the threshold, the PDSCH QCL assumption follows the lowest CORESET ID in the latest slot. Therefore, the TCI field is not useful in this case. It causes unnecessary waste of DCI payload and control channel resource. However, in order to keep the consistent DCI size with the case when the offset is larger than the threshold, the TCI field cannot be removed from the DCI even when it is not used. 
In order to improve the utilization efficiency of control channel resource, the TCI field can be used to dynamically inform some other information when the offset between the DL DCI and the corresponding PDSCH is less than the threshold, such as TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state, etc. Hence, the flexibility is increased and beam indication latency can be reduced.

Proposal 1: The TCI field in the DCI can be used to inform other information when the offset between DCI and corresponding PDSCH is less than the threshold.
· FFS: the other information, e.g., TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state

2.1.2 RRC parameter of CSI-RS configuration

Based on the current Rel-15 specification, RRC configuration can cause a lot of overhead e.g. for RS or CSI configurations. There are up to 192 NZP-CSI-RS resources in one CC and each NZP-CSI-RS resource needs to be configured with the following information: qcl-InfoPeriodicCSI-RS with 7 bits, scramblingID with 10bits and freqBand with 18 bits. Moreover, some of them seem mandatory to be configured. It causes too much unnecessary overhead of RRC signaling especially when CSI-RS resources within the same resource set have the same configuration for those parameters. For instance, for a NZP CSI-RS resource set with beam management P3, the same TCI can be used for all resources within the resource set. Likewise, different values of scrambling ID and freqBand are usually unnecessary. 
In order to reduce RRC overhead, those parameters can be made as optional configurations and only be configured for the first CSI-RS resource within the resource set sometime or for only partial resources in one resource set. Then the parameter values of resources without configured above parameters in the resource set can follow the configuration of first resource. In other words, default configurations of some parameters for some CSI-RS resources within one resource set can be supported. For example, RRC parameters of NZP-CSI-RS resource 1 without configured above parameters can be obtained based on NZP-CSI-RS resource 0 which has the lowest resource-ID in resource set with configured parameters.  
Proposal 2: RRC parameters of a CSI-RS resource, such as parameters qcl-InfoPeriodicCSI-RS, scramblingID and freqBand, can be implicitly derived according to the configuration for the CSI-RS resource with the lowest ID in the CSI-RS resource set. 

2.2 DL beam management

2.2.1 Multi-beam measurement in multi-panel/TRP case

Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel cannot be transmitted simultaneously. Therefore, enhanced signaling or configuration would allow gNB to inform this kind of information of UE for beam reporting. 

· For one TRP, there may have more than one TRP antenna group (i.e., multiple Tx panels), but these multiple panels often share the same boresight and similar large-scale channel properties. If beam management is done for each individual panel, the overhead of beam measurement and reporting per each TRP antenna group (i.e, per each Tx panel) is very high and NOT necessary. Therefore, in general, these TRP antenna groups from the same TRP can be virtualized as one group e.g. represented by one resource set, in which no more than N beams can be simultaneously transmitted, where N depends on gNB capability. Furthermore, in multi-TRP case, gNB can configure multiple groups, respectively, each of which is associated with one TRP.

· When a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous receiving) from the same gNB antenna groups can NOT be more than N. 
Observation 1: Information on simultaneous transmission capability from gNB can be useful for multi-beam/panel/TRP enhancements. 

2.2.2 Group based beam reporting

Group-based reporting that informs gNB which pairs of multiple beams can be received simultaneously should be regarded as an essential solution for supporting the multi-beam operation of both DL and UL transmission (in beam correspondence). For the perspective of reducing latency and overhead of UL and/or DL beam management:

· Compared with non-group based reporting, group based reporting can significantly reduce the overhead of reporting. For the best M reported beams from non-group based reporting, it is possible that only the first best beam is useful since other (M-1) reported beams are often received with the same panel as the best  beam which make these beams useless for multi-beam operation. In order to find appropriate beams for simultaneous transmission, the gNB may need to have multiple rounds of beam and CSI reports. In the contrast, group based reporting can acquire beams for simultaneous reception to support multi-beam operation in one beam report which save a lot of reporting overhead and possibly RS overhead. 

· Taking into account that processing time for some unnecessary for beam/CSI reporting can be saved, group based reporting also can achieve latency reduction as well.

Observation 2: For the case of multi-beam operation, compared with non-group based reporting, group-based reporting can significantly reduce the latency and overhead of beam management due to fast acquisition of beams for simultaneous reception.

Besides, Rel-15 group based reporting of only N=2 Tx beams within M=1 group significantly restricts system flexibility in multi-panel/TRP cases, and consequently we should support more Tx beams and/or more groups in group based reporting according to the requirements of multi-beam/multi-panel/multi-TRP operation in Rel-16 NR-MIMO.

· We further evaluate the performance as number of beam groups and number of beams per group which are shown in Table 3, where, regarding criteria of beam grouping, different TRP Tx beams within one same group can be received simultaneously, and different TRP TX beams from different groups may not be possible to be received simultaneously. From the evaluation results, it can be observed that:

· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage

· More details on evaluation assumption and results can be observed in our companion contribution [2].

Table 1
Spectral efficiency under group based reporting with M beams per group to be reported and N groups
	
	N=1 group

M = 2 beams
	N = 1 group

M = 4 beams
	N = 1 group

M = 8 beams
	N = 2 group
M = 2 beams 
	N = 4 group
M = 2 beams
	N = 8 group
M = 2 beams

	Outage
	11%

(100%)
	6%

(-45.5%↓)
	2%

(-81.2%↓)
	3%

(-72.7%↓)
	1%

(-90.9%↓)
	0%

(-100%↓)

	Average
	12.4313 
(100%)
	12.5315
(+0.81%↑)
	12.7242
(+2.36%↑)
	13.0613
(+5.07%↑)
	13.4169
(+7.93%↑)
	13.5942
(+9.35%↑)


Proposal 3:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.

· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
2.3 UL beam management

2.3.1 Local beam sweeping for UL beam management
In Rel-15, Repetition ON/OFF has been supported for UL beam management in Rel-15 through configuring multiple SRS resources with same spatialRelationInfo or not, but supporting a mechanism of local beam sweeping around one reference beam is still an open issue. In order to support more efficient beam sweeping by using local beam sweeping, a mechanism of supporting wide beam and narrow beam association, e.g., support of weaker relation than the current spatial relation, should be introduced in Rel-16. For instance, a target SRS resource set can be associated with one or more reference SRS resource sets with different levels of beam-width, or called as spatial granularity.

Proposal 4: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 

· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.
2.3.2 Panel-specific UL power control

Beam-specific UL power control has been supported in Rel-15, through associating each of SRIs for PUSCH or each of spatialRelationInfo entries for PUCCH with one respective UL power control parameters. It is designed according to one basic assumption of only one Tx beam to be used for one UL transmission. According to this framework, gNB can control UL transmission power for one Tx beam associated with one PUSCH/PUCCH transmission, independently. 

However, once supporting multi-beam operation for UL transmission in Rel-16, the Rel-15 framework of UL power control has to face the following challenges:

1)
Different interference levels for different UL beams for one transmission

· The basic goal of UL power control is to handle mutual interference from different UL channels, and, as agreed in Rel-15, the interference management should be beam specific, i.e., beam-specific UL power control. With multi-beam operation for one UL transmission, gNB shall use the different UL Rx panels for receiving one respective signals associated with each of multiple UL Tx beams as usual. gNB side will face beam-specific interferences, which is highly related to the direction of gNB Rx beam, and consequently the transmission power should be managed per UL beam of multi-beam operation.

2)
Path-loss measurement for UL multi-beam operation

· In Rel-15 framework of UL power control, only one DL RS can be configured as PL RS for one UL transmission. Consequently, PL measurement according to multiple DL RSs associated with the UL multi-beam operation can NOT be achieved, and, if only one DL RS is configured as one PL RS as Rel-15, the measurement hardly represents the actual path loss, without doubts, in such a case. 

Therefore, panel-specific UL power control is recommended for supporting multi-beam operation, where the current power control framework and its related parameter including closed loop parameter, PL RS configuration and closed loop process should be further studies. Some more details can be found in our companion contribution [3]. 

Proposal 5:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with single UL transmission.
3. Enhancement(s) on multi-TRP operation

In our companion contribution [4], we provide our views to support very basic functionality of multi-TRP transmission. In this contribution, we provide our views on some other enhancements. If time is not allowed in Rel-16, we think these enhancements can be further considered in Rel-17.

3.1 Single PDCCH design

3.1.1 Rate matching

In LTE, rate matching resources and QCL assumption information are jointly indicated to UE for PDSCH transmission by so called PQI. This solution is flexible enough to support both single TRP transmission and CoMP, e.g. DPS, JT. 
In NR Rel-15 for PDSCH resource mapping, RRC configured rate matching resources include RB/symbol-level granularity and RE-level granularity, e.g. ZP CSI-RS resource sets. This method can efficiently avoid severe interference between PDSCH and some other signals especially for traditional single TRP transmission. However, it may not be flexible enough for DPS and multi-TRP transmission. 
Taking DPS as an example which is shown in Figure 1, if rate matching resources, e.g. periodic ZP CSI-RS resource sets or LTE CRS patterns are different between TRP 0 and TRP 1, RRC configured ZP CSI-RS resource set for TRP 0 is no longer suitable for PDSCH transmitted from TRP1 in slot 1. Based current Rel-15 specification, if the periodic ZP CSI-RS resource set for TRP 0 is configured, the UE should always do rate matching around this ZP CSI-RS resource set even if its PDSCH is transmitted from TRP 1 in slot 1.
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Figure 1 For DPS, rate matching resources for TRP 0 is not suitable for TRP 1
Therefore, rate matching enhancement should be supported for DPS and multi-TRP transmission. One straightforward way is to reuse LTE based solution which jointly informs rate matching resources and QCL assumption. However, how joint indication is done (e.g. based on MAC-CE) needs to be further studied.  Some other solutions can also be considered for less standard effort. 
Proposal 6: Rate matching enhancement should be supported for single PDCCH based NCJT.
3.1.2 CSI-RS 

In Rel-15, it was agreed that CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions. However, it was not captured in the phase I specifications because of scope reduction in RAN#76 meeting.
For CSI based on type II port selection codebook or non-PMI feedback, only one periodic/semi-persistent CSI-RS resource can be configured within a CSI-RS resource setting or only one aperiodic CSI-RS resource can be triggered within a CSI-RS resource setting. Further, the CSI-RS resource can be configured with one TCI state which only includes one QCL RS set. This design has no issue for single TRP/panel transmission.
However, for multi-TRP/panel transmission, it is too restrictive since gNB can transmit multiple beams simultaneously. In order to derive more accurate CSI for multi-beam transmission based on one CSI-RS resource, it is better to support more than one beams for one CSI-RS resource which is used for CSI based on port selection codebook or non-PMI feedback. In other words, multiple RRC configured TCI states can be configured to one CSI-RS resource and the same TCI framework for multi-TRP/panel PDSCH for single PDCCH design can be reused. In this case, CSI-RS ports within a CSI-RS resource can have more than 1 QCL assumptions. 
Proposal 7：Support multiple TCI states for one CSI-RS resource.
3.1.3 CSI 

For multi-panel and multi-TRP transmission based on single PDCCH design, orthogonal DMRS ports are used for two coordinated TRPs. For accurate CSI feedback, it is better to feed back the interference between two TRPs without significantly increasing CSI feedback overhead. Then, one CSI-RS resource can be configured with multiple TCI states where each corresponds to one beam. In this case, the combined CQI can be considered to achieve accurate interference estimation and save CSI feedback overhead. In order to get flexibility, multiple RIs and PMIs corresponding to different TRPs are still be needed for multi-TRP/panel scenarios.
Proposal 8: Multiple RIs, PMIs can be fed back for one CSI reporting.
3.2 Multiple DCI design

Multiple PDCCH design is mainly for non-ideal backhaul between two coordinated TRPs. Then DCI, PDSCH transmission, ACK/NACK feedback on PUCCH and PUSCH should be separate for the two TRPs. 
3.2.1 MAC-CE for PDSCH TCI

Since different CORESETs can be configured for different TRPs, the configured CORESETs should be divided into two CORESET groups which correspond to two TRPs respectively. Therefore, PDSCH transmissions scheduled by DCIs from different CORESET groups should be independent. Some higher layer parameters including TCI state pool, rate matching resources, etc., should be separate for the two TRPs. Definitely, the candidates of TCI states activated by MAC-CE for the two TRPs should also be separate. 
Figure 2 shows the MAC-CE structure of TCI States Activation/Deactivation for PDSCH in 38.321. In Rel-15, maximum 8 TCI states from single TRP can be activated by this MAC-CE. For multi-TRP transmission based on multiple PDCCH design, the activated TCI states by MAC-CE can be extended to 16, where the first half of activated TCI states can be for TRP0 and the remaining activated TCI states can be for TRP1.  In this case, the current MAC-CE structure is shared by two TRP, only slight spec change is needed.  Alternatively, two independent MAC-CE can be supported to update TCI states for the two TRPs respectively, the total maximum number of activated TCI states for both TRPs is still 16. 
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Figure 2 TCI States Activation/Deactivation for UE specific PDSCH MAC CE in 38.321
Proposal 9: The maximum number of MAC-CE activated TCI states should be increased to 16 for two TRPs. 

3.2.2 Semi-static ACK codebook

In Rel-15 for semi-static ACK codebook across configured carriers, the number of A/N bits depends on the number configured CCs in one slot. As shown in Figure 3, even there is no PDSCH transmission in CC1, 3 bits should be reported from UE to gNB. If PDSCH 0 in CC0 and PDSCH 1 in CC2 are correctly detected by UE, the values of three bits should be 101 which represents ACK, NACK and ACK for CC0, CC1 and CC2 respectively.
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Figure 3 Rel-15 semi-static ACK codebook across CCs
However, for multiple TRP transmission based on multiple PDCCH design, not all CCs have two CORESET groups. In other words, single TRP transmission can be configured in some CCs, i.e. only one CORESET group in these CCs. As shown in Figure 4 If there is no higher layer configuration in CC1 for CORESET group 1, NCJT based on multiple PDCCH design is not supported in CC1, and the potential PDSCH transmission is only from single TRP 0. Therefore, NACK bit for TRP 1 is not needed for CC1. The UL feedback overhead will be saved.
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Figure 4 Semi-static ACK codebook across CCs for multiple PDCC design

Proposal 10: For semi-static ACK codebook, if only one CORESET group is configured in a CC, A/N feedback is not needed for the other CORESET group in this CC.
3.3 For URLLC 

3.3.1 Default beam

As low latency is the main requirement for URLLC traffic, the use case of offset between the DCI and the corresponding PDSCH less than the threshold is very important. Consequently, more attention should be paid on the default QCL assumptions to URLLC traffic. 
In addition, a small scheduling time unit, e.g. 2 symbol scheduling is usually used for URLLC traffic in order to get low latency. To get the higher reliability, TDM repetition scheme 3 is supported. In other words, repetition is supported among these multiple PDSCHs with multiple mini-slots in one slot. The reliability of PDSCH of URLLC can be enhanced using different TCIs to those PDSCHs where the TB is repeated across those small scheduling time units as shown in Figure 5. Based on multiple TCIs, beam diversity gain can be achieved and it is very useful in channel blockage scenarios.
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Figure 5 Multiple PDSCH repetition with different TCI
However, when the timing offsets between those DL DCIs and the corresponding PDSCHs are smaller than the threshold, the QCL assumptions of all those PDSCHs should follow the same default QCL assumption of lowest CORESET ID in latest slot. In other words, beam diversity gain for URLL traffic cannot be achieved based on the Rel-15 default beam mechanism.    
The straightforward solution is to allow multiple default QCL assumptions for multiple PDSCHs within one slot. For example, if the offset between the reception of the DL DCI and the corresponding PDSCHs is less than the threshold, the lowest CORESET-ID in the latest small time unit instead of the latest slot is used for deriving the QCL reference source. As shown in Figure 8, the QCL assumption of the PDSCH in orange color should follow the TCI of lowest CORESET ID in latest time unit which is not later than the time unit 1. Likewise, the QCL assumption of the PDSCH in green color should follow the TCI of lowest CORESET ID in latest time unit which is not later than the time unit 2. If there are two CORESETs with different TCI in time unit 1 and unit 2, the beam diversity gain can still be achieved. 
Proposal 11: For URLLC, allow multiple default QCL assumptions for multiple PDSCHs with repetition within one slot if the timing offset between DL DCI and those multiple PDSCHs is smaller than the threshold.

3.3.2 For PDCCH, PUCCH and PUSCH reliability enhancements

In order to improve PDCCH reliability, the coordinated TRPs can jointly transmit the same DCI as shown in Figure 6(a) and the diversity gain can be achieved. Alternatively, the coordinated TRPs can transmit independent DCIs with the same DCI content as shown in Figure 6(b). In this case, correct detection of only one of two DCIs is enough. In order to further improve the robustness of PDCCH detection, it is better to inform UE which DCIs are repeated, then UE can do soft combining between two repeated DCIs.     
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(a) Same DCI                    (b) independent DCI with the same DCI content
Figure 6 Multiple TRPs transmit PDCCH   
Proposal 12: Support PDCCH reliability enhancement. 
PUCCH and PUSCH repetition is supported in Rel-15. However, the same beam is used for multiple repetitions. Then in high frequency bands, if blockage exists in the beam direction between UE and gNB, all repetitions cannot be received by gNB. One straightforward way is to use different spatial relations for those multiple repetitions in order to get beam diversity gain. This scheme is similar with TDM repetition (scheme 3 or 4 in section 1) based on multiple TRP transmission for PDSCH.
Proposal 13: Beam diversity scheme is supported for PUSCH/PUCCH repetitions.

4. Conclusion

In this contribution, we provide the following observations and proposals for multi-beam operation. 

Observation 1: Information on simultaneous transmission capability from gNB can be useful for multi-beam/panel/TRP enhancements. 

Observation 2: For the case of multi-beam operation, compared with non-group based reporting, group-based reporting can significantly reduce the latency and overhead of beam management due to fast acquisition of beams for simultaneous reception.

Proposal 1: The TCI field in the DCI can be used to inform other information when the offset between DCI and corresponding PDSCH is less than the threshold.
· FFS: the other information, e.g., TCI indication for next PDSCH transmission or PDCCH transmission, triggering AP-CSI-RS with the indicated TCI state
Proposal 2: RRC parameters of a CSI-RS resource, such as parameters qcl-InfoPeriodicCSI-RS, scramblingID and freqBand, can be implicitly derived according to the configuration for the CSI-RS resource with the lowest ID in the CSI-RS resource set. 

Proposal 3:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.

· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
Proposal 4: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 

· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.
Proposal 5:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with single UL transmission.
After that, we provide the following proposals for multi-TRP operation. 

Proposal 6: Rate matching enhancement should be supported for single PDCCH based NCJT.
Proposal 7：Support multiple TCI states for one CSI-RS resource.
Proposal 8: Multiple RIs, PMIs can be fed back for one CSI reporting.
Proposal 9: The maximum number of MAC-CE activated TCI states should be increased to 16 for two TRPs. 

Proposal 10: For semi-static ACK codebook, if only one CORESET group is configured in a CC, A/N feedback is not needed for the other CORESET group in this CC.
Proposal 11: For URLLC, allow multiple default QCL assumptions for multiple PDSCHs with repetition within one slot if the timing offset between DL DCI and those multiple PDSCHs is smaller than the threshold.

Proposal 12: Support PDCCH reliability enhancement. 
Proposal 13: Beam diversity scheme is supported for PUSCH/PUCCH repetitions.
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