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1. Introduction

For Rel-16 Enhancements on NR MIMO, some descriptions/tasks regarding the potential enhancement of multi-beam operations are as follows [1]:
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In this contribution, we will discuss the relevant scenarios and the above tasks including potential approaches and possible solutions.
2. Discussion
2.1. Reduction of latency and overhead
In Rel-15 NR, the dynamic beam indication of PDSCH is based on the concept of TCI states via the spatial QCL type of “QCL-TypeD”. Based on the DCI-triggered indication, it is flexible for gNB to control/switch the different beams for DL transmission in a fast way. The current signaling framework for such dynamic beam indication of PDSCH are employing a three-step hierarchy of RRC+MAC CE + DCI as follows:

1. TCI-State configurations via RRC

2. Activation command based on MAC CE to map TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'.  
3. Dynamic beam indication via DCI 

In some sense, the signaling with three-step hierarchy offers a good tradeoff between the signaling overhead and latency especially for FR2. For FR2, there may be a large number of beams and NW can configure a pool of TCI states with one RRC signaling rather than multiple RRC signaling. Then according to UE’s reporting, UE can update a subset associated with the codepoints of DCI field via MAC CE.

However, such three-step hierarchy may lead to unnecessary overhead and additional latency for some typical cases, especially for FR1 (sub-6 GHz). Let’s consider a multi-beam system configured with L<=8 TCI states. There are always 3 bits for the DCI filed 'Transmission Configuration Indication', which can be mapped to up to 8 different TCI states. Thus for this case, the selection via MAC CE is unnecessary here and lead to the following disadvantages:
· Overhead:  the transmission and acknowledge of MAC CE

· Latency: In NR, there are [image: image3.png]subframe.p
n+ 3N,



 slots between the application of MAC CE signaling and its corresponding HARQ-ACK. Moreover, the preparation and transmission of PDCCH carrying MAC CE signaling needs time as well.
Based on the above discussions, we have the following observation:
Observation 1: The dynamic beam indication signaling with three-step hierarchy for PDSCH is not efficient in some cases, and may lead to unnecessary signaling overhead and latency without any potential benefits.

On straightforward way to solve the above-mention issue is to avoid the activation command of MAC CE for some cases where there are less or equal to 8 TCI states configured for a UE. Thus we have the following proposal
Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH.
For codebook-based PUSCH, a UE can be configured with a SRS resource set with up to 2 SRS resources. It means that NW can dynamically indicate the beam for PUSCH transmission out of these two beams. For our view, only two candidate beams for PUSCH is somehow restricting.
In order to offer better flexibility, semi-persistent SRS is agreed as a mandatory UE feature in Rel-15 so that NW can change the beams associated with these 2 SRS via MAC CE signaling. Compared to DCI, MAC CE signaling will have more overhead and larger latency. Thus semi-persistent SRS is not an attracting approach for dynamic beam indication with low overhead and low latency. Thus we have the following observation:
Observation 2: The dynamic beam indication for codebook-based PUSCH is somehow restricting for some scenarios, and may lead to addition latency or overhead in some cases.
In order to avoid the above-mentioned disadvantages of the current framework, one possible way is to extend the number of the SRS resources for codebook-based PUSCH.
Based on the discussions and observation, we have the following proposal:
Proposal 2: Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.

2.2. Support of multiple Tx panels at UE side
In Rel-16, multi-panel at UE side is a typical scenario to be studied. In the current UL beam management framework, UE can be triggered with simultaneous transmission of multiple SRS resource sets. It means the beam selection for multi-panel can be implemented via current UL beam management signaling. However, how NW know whether or not a specific UE supports multiple panels is still unclear. It means that NW doesn’t know when it can configure a UE with SRS configurations supporting multiple panels. Thus UE should report its corresponding capability to NW.

The antenna/panel architectures depend on UE implementation, e.g., form fact. Therefore, it should not require all UE to support multiple panels. From our perspective, it is beneficial for UE to report the corresponding capability as an optional capability.
Proposal 3: Study and specify how UE reports its capability regarding the support of multiple Tx/Rx panels as an optional UE capability.

For a UE with multiple Tx panels, the power consumption is a critical issue for better UE experience.
· For mmWave, the power efficiency of PA are relatively lower compared to sub-6GHz. 
· Multiple Tx panels usually mean multiple PAs, which may lead more Tx power. 
Therefore, how to reduce the power consumption needs to be further studied and specified within Rel-16 WI. There may be various different approaches to improve the power efficiency or power saving, e.g., deactivation of some panel(s). The tradeoff between the performance (e.g., throughput, latency) and power consumption should be carefully investigated with common evaluation assumptions.
Thus we have the following proposal:
Proposal 4: For UE with multiple Tx panels, study and specify the potential mechanisms for efficient power consumption
· E.g., signaling to support fast turn-off / turn-on of some panel(s)
The beam indication of PUSCH is based on the signaling of SRS resource indicator. Compared to a UE with single panel, there may be more Tx beams for a UE with multiple panels. Moreover, the PUSCH for a multi-panel UE may be transmitted from a panel or multiple panel(s). 
· For the PUSCH from one panel, the current beam indication of PUSCH is applicable with some potential extensions, e.g., more bits for SRI field, or panel-specific indication. 
· For the PUSCH from multiple panels
· The current signaling for codebook based PUSCH cannot indicate multiple Tx beams 
· The signaling for non-codebook based PUSCH also needs enhancement. 
Thus we have the following proposal:
Proposal 5: For UE with multiple Tx panels, study and specify the beam indication signaling for PUSCH transmitted from one or multiple panels.

In the discussion of Rel-15, some companies raised the issue of timing advance for multi-panel UEs. The main motivation is that the signals transmitted from or received at different panels have different direction of departure / arrival, which will lead to different transmission paths and the delays. Handling of multiple timing advance commands will introduce large complexity to NR system.

On the other hand, for a multi-panel UE, the typical operating frequency band is in millimeter wave.  Accordingly, the coverage is relatively smaller compared to the operation in the low frequency band. Thus the difference between different transmission paths is relatively small, which lead to a small timing difference. There have no solid evaluation to verify this issues so far. Thus we have the following proposal:
Proposal 6: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.
2.3. Enhancement of BFR
During Rel-15 discussions, there were two kinds of schemes agreed for beam failure recovery, i.e., PRACH-based and PUCCH-based. However, only the PRACH-based scheme is specified in Rel-15 timeline, and the work on PUCCH-based on is suspended due to the limited time. 
For contention-free based scheme, a set of PRACH resources should be reserved and be associated with the potential candidate beams, which may lead to obvious overhead. A window is also introduced for UE to monitor the gNB’s response, which has impact on the latency.
From the design principle of BFR, the latency is a key metric and overhead is also very important. We should continue to do enhancements to improve the latency and reduce overhead in Rel-16 BFR. Thus we have the following proposal:
Proposal 7: In additional to Rel-15 BFR, study and specify PUCCH-based BFR procedure to reduce the overhead and latency. 

The support of BFR on SCell was agreed in Rel-15 discussions, but the specification has postponed to Rel-16. The necessity of BFR on SCell depends on UE implementation and frequency band(s) where the serving cells are operating. Let’s consider an inter-band CA, where PCell is in band X and SCell is in band Y. 

· If UE has done the calibration between these two bands or the same RF channel can be shared for the two bands, then the beams for PCell and SCell will be the same. As a result, only BFR on PCell is sufficient and BFR on SCell is not needed.
· If UE uses different RF channels for different bands and no calibration is done between different frequency bands, then the beams for PCell and SCell will be different. As a result, BFR on SCell may get some benefits

Based on the above discussion, we can see that BFR on SCell depends on UE implementation. Thus it should be an optional feature.

From the perspective of complexity, the total number of serving cells on which BFR is supported simultaneously is a key factor for UE design. Thus it is beneficial for UE to report its capability on the maximum number of serving cells where the BFR are configured simultaneously.
Proposal 8: Support UE to report its capability whether or not support BFR on SCell as an optional feature. 

Proposal 9: Support UE to report its capability regarding the maximum number of serving cells on which the BFR can be configured simultaneously

PCell and SCell have some differences, which may affect the corresponding BFR procedures. Here are some examples in the following list:
· Contention based PRACH exists in PCell. Thus in Rel-15, the BFR on PCell can reply on contention based PRACH as well as contention-free PRACH. In contrast, SCell has no associated contention based PRACH
· Activation/Deactivation of SCell may impact its BFR procedure. For example, if a SCell is deactivated, the on-going BFR procedure should be canceled.  
Based on the examples, we have the following proposals:

Proposal 10: Contention-based PRACH is not supported for BFR on SCell.

Proposal 11: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.

Another potential issue is the interaction between BFR on SCell and that on PCell. For example, if the contention-free PRACH for both BFR on SCell and PCell are configured in PCell, then how to deal with the collision when two BFR request transmissions overlap? 
· The BFR for PCell prioritized? 

· The BFR procedure for SCell suspended?

·  The BFR procedure for SCell canceled? 
Thus we have the following proposal:
Proposal 12: Study and if necessary, specify the potential interaction between BFR on SCell and that on the associated PCell/PSCell.
If the contention free PRACH for BFR on SCell can only be configured in PCell, it may lead to the issue of PRACH capacity in PCell especially when there are a large number of the beam candidates and SCell with BFR. Thus one potential issue is whether or not to support PRACH transmission on SCell in Rel-16. 
Proposal 13: Study and determine whether or not to support PRACH transmission on SCell in Rel-16 and specify it if necessary.

2.4. New report quantity for beam management
In Rel-15, the general beam management procedures are based on the metric of L1-RSRP. The most advantages of L1-RSRP is its simplicity and robustness. The potential disadvantage is without consideration of interference. Thus there are proposals with new metric, e.g, L1-RSRQ, L1-SINR, for Rel-16 beam management.
The Rel-15 beam management framework offers a good flexibility and works well. The beam management with new metric should reuse the Rel-15 framework and minimize the specification efforts. 

Proposal 14: Rel-15 beam management framework with L1-RSRP should be the starting point and the potential modification should be minimized.

For Rel-15, beam selection is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. This principle should be applied for new report quantity (e.g., L1-RSRQ and L1-SINR) since sub-band reporting is not necessary. Thus we have the following proposal:
Proposal 15: Only wideband L1-RSRQ or L1-SINR is supported for beam management in Rel-16.

3. Conclusion

In this contribution, we discuss some existing issues of Rel-15 and the potential enhancement for beam management (including beam failure recovery). We also discuss some new scenarios/cases introduced in Rel-16. Based on the above discussion, we have the following observations and proposals:

Observation 1: The dynamic beam indication signaling with three-step hierarchy for PDSCH is not efficient in some cases, and may lead to unnecessary signaling overhead and latency without any potential benefits.

Observation 2: The dynamic beam indication for codebook-based PUSCH is somehow restricting for some scenarios, and may lead to addition latency or overhead in some cases.

Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH.

Proposal 2: Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.

Proposal 3: Study and specify how UE reports its capability regarding the support of multiple panels as an optional UE capability.

Proposal 4: For UE with multiple Tx panels, study and specify the potential mechanisms for efficient power consumption

· E.g., signaling to support fast turn-off / turn-on of some panel(s)

Proposal 5: For UE with multiple Tx panels, study and specify the beam indication signaling for PUSCH transmitted from one or multiple panels.

Proposal 6: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.

Proposal 7: In additional to Rel-15 BFR, study and specify PUCCH-based BFR procedure to reduce the overhead and latency. 

Proposal 8: Support UE to report its capability whether or not support BFR on SCell as an optional feature. 

Proposal 9: Support UE to report its capability regarding the maximum number of serving cells on which the BFR can be configured simultaneously

Proposal 10: Contention-based PRACH is not supported for BFR on SCell.

Proposal 11: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.

Proposal 12: Study and if necessary, specify the potential interaction between BFR on SCell and that on the associated PCell/PSCell.

Proposal 13: Study and determine whether or not to support PRACH transmission on SCell in Rel-16 and specify it if necessary.

Proposal 14: Rel-15 beam management framework with L1-RSRP should be the starting point and the potential modification should be minimized.

Proposal 15: Only wideband L1-RSRQ or L1-SINR is supported for beam management in Rel-16.
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Enhancements on multi-beam operation, primarily targeting FR2 operation:


Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 


Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection


Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15


Specify measurement and reporting of either L1-RSRQ or L1-SINR














