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1 Introduction
At RAN2#105 meeting, regarding fast CA configuration, fast SCell activation issue was discussed, but there was no agreement on it. In this paper, we discuss the potential solutions for fast SCell activation.
2 Discussion
2.1 SCell activation delay in LTE

In LTE, a MAC CE is used to activate the deactivated SCell. The network can only perform scheduling after it receives valid CSI reporting before N+k (k=24 or 34), otherwise, the network can only perform scheduling after N+k if it does not receive valid CSI reporting. Therelation between the time when the activation command is received and the time of first UL scheduling is shown below in Figure 1. Upon reception of activation command in subframe N, the UE shall be able to report valid CSI before N+24 or N+34 depending on the time to get a valid resource for CSI measurement report, depending whether the SCell being activated remained detectable and depending on the time spent for RF re-tuning, AGC setting, and implement margin. 
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Figure 1. SCell activation delay in LTE
In R15 LTE euCA, in order to reduce the activation delay, two new mechanisms were introduced. One is the dormant SCell state. For a dormant SCell, the UE will not monitor PDCCH, in order to save power, but continue to perform CQI measurement and reporting in order to reduce CQI reporting delay upon receiving SCell activation MAC CE. In order to support the state transition between dormant state and activated state or between dormant state and deactivated state, the hibernation MAC CE was introduced in TS 36.321. According to TS 36.133, the SCell activation delay can be reduced to 7ms or less for dormant SCell, depending on other UE capability e.g. short TTI, short processing time. The other mechanism is fast CQI reporting, which is to pre-configure a short CQI reporting period which the UE applies from N+8 to N+24/34. By doing this, CQI reporting delay is reduced since the UE can obtain CSI-RS resource sooner, from N+8, and report CQI once it obtains a CQI reporting resource.
Observation 1: In LTE euCA, for the SCell activation delay, dormant state was introduced to reduce CQI preparation time and CQI report delay, which can be performed before N+8, with the cost of introducing new hibernation MAC CE; and fast CQI reporting was introduced to reduce the latency of UE reporting first valid CQI result.
2.2 SCell activation delay in R15 NR

In NR R15, according to current specification in TS 38.213, TS 38.133 and TS 38.321, when a UE receives an activation command in a PDSCH for a SCell in slot n, the SCell activation procedure starts at n+k and completes at the slot with valid CSI reported. The value of k=k1+3 Nsubframe,µslot [image: image4.png]


is defined in RAN1 specification. The actions related to CSI reporting for the SCell being activated is started at n+k. The CQI value of out of range should be reported in the CSI report before valid CSI for the SCell is available for the UE. According to RAN4 requirement for SCell activation delay defined in TS 38.133, a UE shall complete a SCell activation no later than n+ [THARQ + Tactivation_time + TCSI_Reporting], where THARQ is the timing between DL data transmission and acknowledgement corresponding to in [image: image6.png]


described above. Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC setting and frequency/time synchronization. TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources.
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Figure 2. SCell activation delay in NR
The Tactivation_time defined in RAN4 can be summarized in Table 1. TSMTC_SCell  is the SSB periodicity of SCell being activated and the minimum value is 5ms. In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated.
Table 1: T_activation_time defined in RAN4

	Conditions
	FR1
	FR2

	
	SCell known
	SCell unknown
	at least one active serving cell on that FR2 band
	there is no active serving cell on that FR2 band 

	
	SCell measurement cycle =< 160 ms
	SCell measurement cycle > 160 ms
	
	
	

	T_activation_time
	[TSMTC_SCell + 5ms]
	[TSMTC_MAX + TSMTC_SCell + 5ms]
	[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms]
	[TSMTC_SCell + 5ms]
	[25* TSMTC_SCell + 5ms]


Observation 2: In NR, for SCell activation, UE perform AGC setting and frequency/time synchronization based on SSB, which may have a rather long periodicity and lead to long Tactivation_time.
2.3 Fast SCell activation for NR CA enh

At the previous RAN2 meeting, this solution of dormant state was brought up, and proposed to be applied for NR CA by some companies. However, due to the time limitation, there was no conclusion on this issue, and the following agreement was achieved.

	=>
Next meeting discuss what the UE is required to do to speed up activation and how to do it.


As seen in observation 2, in NR the SCell activation delay can be quite longer than that in LTE as the UE relies on SSB to perform AGC setting and frequency/time synchronization, but the SSB is broadcast periodically by network and UE measure SSB based on SMTC configuration, for which the SMTC cycle is 5ms~160ms, typical value could be 20ms. Then neither dormant state nor fast CQI reporting introduced in LTE can save this Tactivation_time part latency. At previous RAN2 meeting, some companies propose to enhance BWP framework to enable BWP operation similar to dormant state, e.g. the network can configure a dedicated BWP without PDCCH and PDSCH for a SCell, and indicate the UE to switch on this dedicated BWP if the SCell is not seen as active. How to perform this kind of dedicated BWP configuration and switch needs more study by RAN1. Besides, there is other potential solution to reduce Tactivation_time, which is network configures more CSI-RS resource for UE which the UE could use to perform AGC setting and frequency/time synchronization. For instance, the network could configure the UE with two set of CSI-RS resources and corresponding reporting configuration, one set to be used during SCell activation for AGC setting and frequency/time synchronization and also for CQI reporting, the other set for normal CQI measurement and reporting after SCell activation. 
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Figure 3. Denser CSI-RS to reduce SCell activation delay
In Figure 3, we give an example to illustrate how denser CSI-RS method does work. After the UE sends the ACK for the activation MAC CE, it needs time to for MAC CE processing, RF retuning and warm up, it may be ready to receive DL signals. For a known cell with SCell measurement cycle less than 160 ms, the maximum total activation delay would be THARQ + Tactivation_time + TCSI_Reporting = K1 + TSMTC_SCell + 5ms+ uncertainty in acquiring the first available downlink CSI reference resource+UE calculating CQI+ uncertainty in acquiring the first available CSI reporting resources. Assuming SMTC=20ms, the CSI acquisition and CQI reporting time=4ms, then the total activation time would be 1ms + 20ms +5ms+4ms=30ms. If the CSI-RS can also be used for AGC setting and frequency/time synchronization, then the TSMTC_SCell part of delay will be saved, i.e. the total activation time would be 10ms. Above, we assume that the UE can obtain CSI-RS in the minimum time, this is require the network configure very dense CSI-RS resources, and it may only needed during the SCell activation procedure, which will waste the network radio resources. In this case, a better way is to decouple the CSI-RS configuration for SCell activation and that for normal data transmission on the activated SCell, which is to configure two set of CSI-RS resources and corresponding reporting configuration, the denser CSI-RS should be used for SCell activation.
The enhanced BWP method and the denser CSI-RS method are two alternatives to reduce SCell activation delay from different angles. The enhanced BWP method needs the UE to support at least two dedicated BWP for the SCell, while the denser CSI-RS method does not need such extra UE capability. In addition, if the UE is less active for a long time, the SCell should be configured with deactivated state rather than with BWP without PDCCH since UE still will consume more power working in BWP without PDCCH than in deactivated SCell. Enhancing BWP needs more RAN1 work, e.g. configuration and switch method, so this enhanced BWP method can be discussed by RAN1 first. CSI-RS configuration, it may have minor RAN1 impact, therefore it can be discussed in RAN2. In addition, considering RAN1 has also discussion the following two methods and will send LS to RAN4 to check whether the two methods are beneficial to reduce SCell activation delay from RAN4 point view, RAN2 needs first wait for RAN4 LS response. If RAN4 confirms the benefit of denser CSI-RS, RAN2 should discuss how to support it.
Proposal: RAN2 to discuss how to support denser CSI-RS configuration and fast CQI reporting, if RAN4 confirms denser CSI-RS is benificial to reduce SCell activation delay.
3 Conclusion

In this paper, we discuss the potential solutions for fast SCell activation, and provides the following proposal.

Proposal: RAN2 to discuss how to support denser CSI-RS configuration and fast CQI reporting, if RAN4 confirms denser CSI-RS is benificial to reduce SCell activation delay.
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