[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #95-e	R4-2007496
E-meeting, 25 May – 5 June, 2020


Agenda item:	6.15.1.8
Source: 	Qualcomm Incorporated
Title: 	Spatial relation switch for uplink
Document for:	Discussion
Introduction
Several issues were FFS in this topic during the last meeting. We discuss those open issues and provide our opinions in this contribution.[1]
In this contribution, we discuss these options and propose our preferred option.

Discussion

 UL signal having spatial relation to unknown DL RS
RAN4 made the following relevant agreement during the last meeting:
	· When the UL signal has spatial relation to an unknown DL RS,
· Option 1: UE transmits using previous TX beam
· Option 2: Drop UL transmission until TCI state is known
· Option 3: Up to UE implementation and no need to be specified.



During the last meeting, a few companies supported option 1 and mentioned that this is compatible to UE’s DL Rx behaviour that is currently defined in 38.133. However, 38.214 proposes UE to switch its spatial relation corresponding to a RS immediately after 3 ms. The relevant text of 38.214 is shown below and it does not depend on whether the RS is known or unknown
	For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':
· -	when a UE receives an activation command, as described in clause 6.1.3.17 of [10, TS 38.321], for an SRS resource, and when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from the first slot that is after slot  where  is the SCS configuration for the PUCCH. The activation command also contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the activated SRS resource set.



Adoption of option 1 will lead to mismatch between 38.214 and 38.133 and one of these two specs will have to clarify this issue. Hence, a better option would be leave this issue up to UE implementation.
Observation 1: 38.214 proposes UE to switch its spatial relation corresponding to a RS immediately after 3 ms. This requirement does not depend on whether the RS is known or unknown.
· Adoption of option 1 will lead to mismatch between 38.214 and 38.133 and one of these two specs will have to be clarified regarding this issue.
Proposal 1: When the UL signal has spatial relation to an unknown DL RS,
· UE’s selection of spatial relation during the delay period is up to its implementation and it does not need to be specified.

 Need for Time Tracking
RAN4 made the following relevant agreement during the last meeting:
	· Whether to consider timing tracking when associated DL-RS?
· Sub1. Whether to consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE



When spatial relation changes to a DL RS, UE needs additional time to do time tracking. Otherwise, UE will not be able to set its UL transmission timing properly and will interfere with other UE’s signals that are occurring in the same symbol.
A company mentioned one possible issue of enforcing time tracking. When PUSCH/PUCCH and SRS associated with different DL-RSs fall in one slot, UE might be forced to transmit uplink with two different timings at the same slot. This might be challenging for the UE. Hence, in this scenarios, consideration of time tracking should be left to UE implementation.
Observation 2: When spatial relation changes to a DL RS, UE needs additional time to do time tracking. Otherwise, UE will not be able to set its UL transmission timing properly and will interfere with other UE’s signals that are occurring in the same symbol.
Observation 3: When PUSCH/PUCCH and SRS associated with different DL-RSs fall in one slot, UE might be forced to transmit uplink with two different timings at the same slot.
Proposal 2:
· Consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS.
· Consider timing tracking when associated DL-RS is an unknown DL RS.
· It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot.

 Delay requirement for MAC-CE and RRC based spatial relation info switch
RAN4 made the following relevant agreement during the last meeting:

	Define delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH
· For known TCI state 
· Option 1: THARQ +3ms
· Option 1a: THARQ +3ms/NR slot length
· Option 2: THARQ +3ms + time for time tracking if applicable
· Option 3: The PDCCH TCI switch timeline to be used as baseline
· For unknown TCI state
· Option 1: THARQ + 3ms + TL1-RSRP
· Option 1a: THARQ +(3ms+ TL1-RSRP)/NR slot length
· Option 2: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
· Option 3: THARQ + 3ms + ‘time for tracking’
· Option 4: No requirement

Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS
· For known TCI state 
· Option 1: Define delay based on RRC based TCI state switching requirements
· Option 2: TRRCprocessing + time for time tracking if applicable
· Option 3: TRRCprocessing (timing is not required)
· For unknown TCI state
· Option 1: Define delay based on RRC based TCI state switching requirements
· Option 2: TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3: TRRCprocessing + TL1-RSRP
· Option 4: No requirements



The delay requirements for MAC-CE and RRC based spatial relation info switch should follow those of MAC-CE and RRC based TCI state switching. Duration for time tracking will be needed.
Proposal 3: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH,
· For known TCI state: THARQ +3ms + time for time tracking if applicable
· For unknown TCI state: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable

Proposal 4: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS,
· For known TCI state: TRRCprocessing + time for time tracking if applicable
· For unknown TCI state: TRRCprocessing + TL1-RSRP + time for time tracking if applicable

Defining spatial relation delay requirement for UE which supports BC bit-0

	· Whether define the spatial relation delay requirement for UE which only supports BC Bit-0?
· Option 1: Yes
· Option 2: No



The UEs that support BC bit-0 may require additional UL SRS sweep when spatial relation is changed to a new DL RS. Whether a DL RS is known or unknown will depend not only on the time when UE received the last DL RS but also on the time when UE transmitted the last corresponding UL SRS. If spatial relation is changed to an unknown DL RS, UE may require one or both of DL RS signals for DL L1-RSRP computation and UL SRS signal so that gNB can inform UE the proper UL TX beam.
Observation 4: For UEs that support BC bit-0,
· If a DL RS is known or unknown will depend not only on the time when UE received the last DL RS but also on the time when UE transmitted the last corresponding UL SRS 
· If spatial relation is changed to an unknown DL RS, UE may require one or both of DL RS signals for DL L1-RSRP computation and UL SRS signal so that gNB can inform UE the proper UL TX beam.
Given the lack of time, we think that this meeting should prioritize defining delay requirement for UEs which support BC bit-1. The detailed requirements for UEs that support BC bit-0 can be discussed during the August meeting.
Proposal 5: Prioritize to define delay requirement for UEs which support BC bit-1 during the May meeting. The detailed requirements for UEs that support BC bit-0 can be discussed during the August meeting.

Conclusion

Observation 1: 38.214 proposes UE to switch its spatial relation corresponding to a RS immediately after 3 ms. This requirement does not depend on whether the RS is known or unknown.
· Adoption of option 1 will lead to mismatch between 38.214 and 38.133 and one of these two specs will have to be clarified further regarding this issue.
Observation 2: When spatial relation changes to a DL RS, UE needs additional time to do time tracking. Otherwise, UE will not be able to set its UL transmission timing properly and will interfere with other UE’s signals that are occurring in the same symbol.
Observation 3: When PUSCH/PUCCH and SRS associated with different DL-RSs fall in one slot, UE might be forced to transmit uplink with two different timings at the same slot.
Observation 4: For UEs that support BC bit-0,
· If a DL RS is known or unknown will depend not only on the time when UE received the last DL RS but also on the time when UE transmitted the last corresponding UL SRS 
· If spatial relation is changed to an unknown DL RS, UE may require one or both of DL RS signals for DL L1-RSRP computation and UL SRS signal so that gNB can inform UE the proper UL TX beam.

Proposal 1: When the UL signal has spatial relation to an unknown DL RS,
· UE’s selection of spatial relation during the delay period is up to its implementation and it does not need to be specified.
Proposal 2:
· Consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS.
· Consider timing tracking when associated DL-RS is an unknown DL RS.
· It is up to UE whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs are in one slot.

Proposal 3: Delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH,
· For known TCI state: THARQ +3ms + time for time tracking if applicable
· For unknown TCI state: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable

Proposal 4: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS,
· For known TCI state: TRRCprocessing + time for time tracking if applicable
· For unknown TCI state: TRRCprocessing + TL1-RSRP + time for time tracking if applicable

Proposal 5: Prioritize to define delay requirement for UEs which support BC bit-1 during the May meeting. The detailed requirements for UEs that support BC bit-0 can be discussed during the August meeting.
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