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1. Introduction
In RAN #80 meeting, a new WI on MIMO has been approved. [1] The objective for this WI is as follows.
The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· 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
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)

In this contribution, we provide some discussions on uplink and downlink beam management latency and overhead reduction.
2. Discussion
2.1 Downlink Beam Management
In Rel-15, downlink beam measurement is based on SSB/CSI-RS, and downlink beam indication is TCI centric. A SSB can take 4 symbols, and a CSI-RS resource can occupy 1 symbol. Hence the minimal beam measurement granularity could be 1 symbol. To reduce the overhead and latency for beam measurement, one possible way is to use a smaller granularity. The 1-port CSI-RS supports IFDMA based signal structure, which can create some repetitions as shown in Figure 1.


Figure 1: IFDMA based CSI-RS
Then as shown in Figure 2, in time domain, the IFDMA based CSI-RS can be divided into multiple Time Units (TUs), where each beam can be applied to one or multiple TUs. Then to measure the quality of a beam, only 1/4 symbol is required. So for beam measurement 75% overhead and latency can be reduced.


Figure 2: Beam Sweeping in TU Level
Figure 3 and Figure 4 illustrates some simulation results for smaller beam sweeping granularity. It can be observed that the performance between 0.25 symbol beam sweeping granularity and Rel-15 1 symbol beam sweeping granularity could be quite closed. The detail simulation assumption is shown in Table A-1. Hence to reduce downlink beam measurement overhead and latency, a smaller beam sweeping granularity (less than 1 symbol) should be supported.
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Figure 3: Simulation results for beam refinement for CDL-A
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Figure 4: Simulation results for beam refinement for CDL-D

Proposal 1: to reduce downlink beam measurement overhead and latency, less than 1 symbol beam sweeping granularity should be supported.
In Rel-15, different gNB beams can be applied to different SSBs. For each SSB, UE can search a corresponding UE beam. However some SSB beams could be correlated, so that the same UE beam or highly correlated UE beam could be used to receive those SSB beams. Then to save UE beam searching latency, one possible way is to apply a UE beam sweeping procedure for the SSBs with correlated beams. If UE can have some knowledge of correlation of the beams for some SSBs, the whole beam management latency could be reduced.
For example, given that 64 SSBs are configured and every 4 SSBs share correlated beams. In one SSB, a UE can search 3 UE beams for the symbols with PBCH and SSS. If there are totally 8 beams in UE side and the periodicity for SSB is 20ms, to search a good UE beam for each SSB, Table 1 shows the latency for UE beam searching.
Table 1: latency for UE beam searching for 64 SSBs with 8 UE beams
	Without SSB beam correlation information
	With SSB beam correlation information (4 SSBs share correlated beams)

	60ms
	20ms



It can be observed that 66.7% latency can be reduced. Therefore some information on the correlation of SSB beams could be helpful for UE to reduce the beam searching latency.
Proposal 2: To reduce UE beam searching latency, it should be supported that gNB could tell UE some information on the correlation of gNB beams for SSBs.
2.2 Uplink Beam Management
In Rel-15, uplink beam indication has been specified, which could be based on SSB/CSI-RS/SRS. Table 2 summarizes the beam indication operation for different uplink channels.
Table 2: beam indication operation for different uplink channels
	Uplink Channel
	Beam Indication Operation

	PUSCH
	SRI in DCI

	PUCCH
	RRC/RRC+MAC CE

	SRS
	Periodic SRS: RRC 
Semi-persistent SRS: RRC/RRC+MAC CE
Aperiodic SRS: RRC



For PUSCH beam indication, although it is carried by DCI, the number of SRS resources could be limited. So one possible way is to update the beam for corresponding SRS. However the beam indication latency for SRS could be high – only RRC based beam indication can be used for periodic SRS and aperiodic SRS. To reduce the latency, one way is to define a lower layer signalling for periodic and aperiodic SRS beam indication. For example, similar to semi-persistent SRS, MAC CE can be used for periodic and aperiodic SRS beam indication. 
Another possible way is to configure more SRS resources for current transmission scheme. Then MAC CE can be used to down-select N SRS resources, and SRI from DCI could be used to select M SRS resources from N indicated SRS resources, where M is 1 for codebook based transmission scheme and M could be up to X for non-codebook based transmission scheme, and X denotes the maximum number of layers the UE supports. Therefore a lower layer signalling to down-select some SRIs could help to reduce the uplink beam indication latency.
Proposal 3: Lower layer signalling based uplink beam indication should be supported to reduce uplink beam management latency.
In addition, there could be some emission from uplink beams. As shown in Figure 5, the side-lope of one beam may target to human body, which may not be able to meet emission safety requirement [2] [3]. Therefore the uplink beam indication should take emission safety into account. For SRS based uplink beam management, UE could apply the emission-safe beams to each SRS resources. While when gNB indicates a spatial relation info based on a SSB/CSI-RS, the beams that are no emission-safe should not be indicated or some transmission power reduction should be needed. As gNB has no information whether the beam is safe or not, it could be necessary that UE can report some information on emission-safety for a candidate uplink beam.


Figure 5: Emission for an uplink beam
Proposal 4: The uplink beam indication should take emission-safety of a candidate beam into account, and it should supported that UE can report some information to gNB on emission-safety for an uplink beam.
3. Conclusions
In this contribution we have provided some discussion on beam management overhead and latency reduction. From the discussion, we have achieved the following proposals.
Proposal 1: to reduce downlink beam measurement overhead and latency, less than 1 symbol beam sweeping granularity should be supported.
Proposal 2: To reduce UE beam searching latency, it should be supported that gNB could tell UE some information on the correlation of gNB beams for SSBs.
Proposal 3: Lower layer signalling based uplink beam indication should be supported to reduce uplink beam management latency.
Proposal 4: The uplink beam indication should take emission-safety of a candidate beam into account, and it should supported that UE can report some information to gNB on emission-safety for an uplink beam.
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Appendix – Simulation Assumption
Table A-1: Simulation Assumption 
	Parameter
	Assumption

	Channel Model
	CDL-A, CDL-D

	Carrier frequency
	30GHz

	Simulation bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	CSI-RS density
	3 RE/RB

	Number of sweeping beams 
	4

	gNB antenna structure
	(4, 8, 1, 1)

	UE antenna structure
	(2, 4, 1, 1)
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