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1. Introduction

Rel-16 WI for CA/DC enhancement was approved in RAN#82, and the latest WID is in [1]. One objective of the WI is to support fast cell access for data transmission.

	3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode


In this paper we will provide our initial views on the RRM requirements for fast cell access.
2. Discussion
This objective is to enable UE efficient and fast cell access including initial cell setup, additional cell setup and additional cell activation. Based on discussions in RAN1/RAN2, direct SCell activation, temporary RS during SCell activation and SCell dormancy are considered. Next, we will analyse the RRM impacts due to each of them.
2.1. Direct SCell activation
In RAN2#105, an LS [2] was sent to RAN4 stating that
	· For fast cell activation, RAN2 agreed that:
· The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover. RAN2 will further discuss if this applies to resume or not. The timing requirements for activation/de-activation are up to RAN4 discussion.  


Similar mechanism has also been introduced in LTE euCA. It allows network to configure an SCell to be directly in activated state, such that the additional time for a separate activation process can be saved. In euCA, RAN4 has defined the latency and interruption requirements for direct SCell activation as in section 7.7.18 for normal SCell addition via RRC Connection Reconfiguration and in 7.7.19 for HO.
For normal SCell addition, when 1 SCell is directly activated, the latency requirement is 

	Ndirect = TRRC_Process [+T1] + Ttime_direct
TRRC_Process: It is the RRC procedure delay defined in section 11.2 of TS 36.331 [2],

T1: Delay from subframe n+ TRRC_Process until the transmission of RRCConnectionReconfigurationComplete message

Ttime_direct is the direct SCell activation delay. 
If the SCell is known, then Ttime_direct is 20ms. If the SCell is unknown, then Ttime_direct is 30ms provided the SCell can be successfully detected on the first attempt.


For HO, when 1 SCell is directly activated, the latency requirement is
	Ndirect = TRRC_process + Tinterrupt + T2 + T3 + Tinterupt_window + Ttime_direct 
TRRC_Process =20ms which is the RRC procedure delay defined for SCell addition in section 11.2 of TS 36.331 [2],

Tinterrupt is the interruption time as defined in subclause 5.1.2.1.2.
T2 is the delay for obtaining a valid TA command for the target PCell from the target PCell and the scheduling grant for sending valid CSI report in the target PCell. T2 is up to [13] subframes.
T3 is the delay for applying the received TA for upling transmission in the target PCell, and greater than or equal to 6 subframes.

Tinterupt_window is the interruption window which is 5ms for FDD and 7ms for TDD.
Ttime_direct is the direct SCell activation delay. 
If the SCell is known, then Ttime_direct is 20ms. If the SCell is unknown, then Ttime_direct is 30ms provided the SCell can be successfully detected on the first attempt.


The principle of the requirements is that UE starts activation after sending RRC Connection Reconfiguration Complete message, or after applying the valid TA in the target PCell. In our view, the same principle can be re-used for direct activation of an NR SCell, with the following adaptations
· Ttime_direct should be replaced with Tactivation_time as defined in section 8.3.2
· Tinterupt_window should be replaced with (3ms + TSMTC_MAX + TSMTC_duration) as defined in section 8.3.2
· TRRC_process, T2 and T3 should be based on NR capability
In LTE euCA, the requirements are also specified for the case where more than 1 SCell is directly activated by the same RRC message. For CA/DC enhancement, the requirements are also needed, but since the requirements for activation of multiple SCells will be defined in Rel-16 RRM enhancement WI, we can wait for the conclusion before specifying requirements for direct activation of multiple SCells.
Proposal 1: When 1 SCell is directly activated, the latency requirements are same as defined for euCA, with the following adaptations

· Ttime_direct should be replaced with Tactivation_time as defined in section 8.3.2
· Tinterupt_window should be replaced with (3ms + TSMTC_MAX + TSMTC_duration) as defined in section 8.3.2
· TRRC_process, T2 and T3 should be based on NR capability
Proposal 2: RAN4 to wait for the conclusion on activation of multiple SCells before specifying requirements for direct activation of multiple SCells. 
2.2. Temporary RS during SCell activation
SCell activation delay defined in Rel-15 is based on SSB. SSB, unlike LTE CRS, is only periodically available, which makes the delay rather long when SSB periodicity is large. Given this issue, both RAN1 and RAN2 are considering temporary RS to enable fast SCell activation. Two LS-es [3, 4] have been received asking RAN4 views on possible reduction in SCell activation delay when temporary RS is used. 
	[3]
	RAN1 is interested to know if considerable reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of 38.133) is possible within Rel16 timeframe if additional reference signals (e.g. aperiodic TRS, short-interval CSI-RS configuration) are provided to the UE immediately following the SCell activation command. 

	[4]
	Temporary RS resources at SCell activation will be studied as a soluton for  fast SCell activation. RAN1/4 input required on feasibility and benefit.

RAN2 also would like to ask RAN1/RAN4 input on temporary RS.

Q 4: which part of latency can be reduced via temporary RS and by how much?
Q 5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?


The total latency before the SCell can be used for data consists of 1) HARQ delay for the MAC CE, 2) activation delay for UE to prepare the SCell and 3) CSI delay for UE to measure, process and report the CSI. RAN4 is focused on 2). The activation delay consists time needed for the following steps at the UE side:
a) Processing time including SW application and RF activation

b) Cell detection (needed for unknown case)

c) AGC (needed for unknown case and FR1 known case with >160ms measurement cycle)

d) L1-RSRP measurement and reporting (needed for unknown case of first SCell in FR2)

e) Uncertainty in obtaining TCI activation (needed for first SCell in FR2) 
f) Fine time/frequency tracking (needed except for FR2 SCell without SSB)
Among all the steps, b), c), d) and f) are based on RS provided by the network. In Rel-15 requirements only SSB is considered, except for step d) – L1-RSRP measurement requirements are already specified for SSB and all types of CSI-RS. In our view, if temporary RS is provided when needed, the activation delay can be reduced significantly, especially compared to the case of large SSB periodicity. 

For example, the fine tracking time is currently defined as one SMTC period or the time to obtain SSB burst plus 2ms processing time. Even if a normal SSB or SMTC periodicity of 20ms is considered, the fine tracking time alone is comparable to the whole activation latency in LTE. If TRS could be available when UE is to do tracking, it can reduce the fine tracking time to ~2ms.
On the other hand, the exact activation delay based on temporary RS depends on what RS is provided and at which time. In our view, cell detection needs to be based on SSB, while AGC and fine tracking can be based on either SSB or TRS. For the timeline, considering diverse UE implementations, it is not reasonable to enforce a common timeline for UE to conduct each step for activation. Therefore, either periodic RS with short periodicity needs to be provided during the activation process, or aperiodic RS needs to be provided based on some minimum assumptions. RAN4 needs to wait for the exact design of the temporary RS provision from RAN1 before defining the activation delay requirements. 
Draft LS reply for [3] and [4] can be found in [5] and [6].

Proposal 3: RAN4 to indicate RAN1/RAN2 that temporary RS can help to reduce the activation delay. 

Proposal 4: RAN4 to wait for the exact design of the temporary RS provision from RAN1, i.e. what RS is provided and at which time, before defining the activation delay requirements.
2.3. SCell dormancy
SCell dormancy is another means considered by RAN1 and RAN2 to reduce the latency in accessing the SCell for data. The dormancy behaviour is still under discussion, and it would be similar to dormant state in LTE euCA, i.e. UE will not monitor PDCCH or receive PDSCH on the SCell, but will report periodic CSI for the SCell. As UE needs to maintain timing, AGC and Rx beam in order to measure CSI, the time needed for returning to fully activated state (ready for monitoring PDCCH and receiving PDSCH) can be shorter than from de-activated state.
RAN2 has asked RAN4 views on the possible reduction in SCell activation delay when dormancy is used. 

	1
SCell dormant state like LTE euCA will not be introduced in NR. 

2
‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

Then RAN2 would like to ask RAN1/RAN4 input on the ‘dormancy’ behaviour. 

Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?
Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?


In our view, among all the steps a) to f) in section 2.2, b), d) and e) may not need to be considered, while depending on the periodicity of the CSI reporting, c) and f) may be needed or not. Step a) is still needed but can be completed in a shorter time. 
In LTE euCA, the delay for activating an SCell in dormant state is specified in section 7.7.14 of 36.133. In short, the activation delay is 8ms for FDD SCell and 11ms for TDD SCell in known case, and for unknown case the activation delay is same as for activating a de-activated SCell. The interruption window is also specified. RAN4 should define similar delay and interruption requirements for the transition from dormancy to normal behaviour.
On the other hand, SCell dormant state will not be supported in NR, and how to achieve dormancy behaviour is currently under discussion in RAN1, e.g. it could be based on explicit L1 signalling to control PDCCH monitoring on an SCell, or it could be based on BWP switching between a dormant BWP and a normal BWP, and it could be different for cross-carrier scheduling or self-scheduling. RAN4 needs to wait for the conclusion on the design of dormancy behaviour.

Proposal 5: RAN4 to indicate RAN1/RAN2 that the latency for returning from dormancy to fully activated state can be shorter than activation latency. 

Proposal 6: RAN4 to wait for the exact design of dormancy behaviour from RAN1before defining the delay and interruption requirements.
3. Conclusions

In this paper we provided our initial views on RRM requirements for fast cell access.

Proposal 1: When 1 SCell is directly activated, the latency requirements are same as defined for euCA, with the following adaptations

· Ttime_direct should be replaced with Tactivation_time as defined in section 8.3.2
· Tinterupt_window should be replaced with (3ms + TSMTC_MAX + TSMTC_duration) as defined in section 8.3.2
· TRRC_process, T2 and T3 should be based on NR capability
Proposal 2: RAN4 to wait for the conclusion on activation of multiple SCells before specifying requirements for direct activation of multiple SCells. 
Proposal 3: RAN4 to indicate RAN1/RAN2 that temporary RS can help to reduce the activation delay. 

Proposal 4: RAN4 to wait for the exact design of the temporary RS provision from RAN1, i.e. what RS is provided and at which time, before defining the activation delay requirements.
Proposal 5: RAN4 to indicate RAN1/RAN2 that the latency for returning from dormancy to fully activated state can be shorter than activation latency. 

Proposal 6: RAN4 to wait for the exact design of dormancy behaviour from RAN1before defining the delay and interruption requirements.
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