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[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In the WID on DC and CA enhancements [1], one objective is efficient and low latency serving cell activation. In this contribution, factors affecting latency of Scell activation are discussed. 
Factors affecting Scell activation delay
From 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 , the Scell activation procedure starts at  and completes at the slot with valid CSI reported. The value of  is , where   is a number of slots for a PUCCH transmission with HARQ-ACK information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format scheduling the PDSCH reception and   is a number of slots per subframe for the SCS configuration  of the PUCCH transmission. The actions related to CSI reporting for the Scell being activated is at  when the CSI report is transmitted on a serving cell that is active in slot . The UE shall report out of range in the CSI report if the UE has no valid CSI for the Scell. The slot of the UE reporting the valid CSI can be defined as , as shown in Figure 1. As per the RAN4 requirement 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  in previous description, Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC setting and frequency/time synchronization, and 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. It should be noted that the time defined in TS 38.133 is not converted to the number of slots. In order to unify the units in time, T is used as the number of slot converted from THARQ + Tactivation_time + TCSI_Reporting. It can be seen that M is greater than or equal to k, less than or equal to T. For ease of analysis, Scell activation delay can be divided into two parts. The first part is from  to , which can be called activation start delay, following network indication/configuration. The second part is from  to , which can be called activation processing delay, mainly subject to UE processing.
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[bookmark: _Ref534555795]Figure 1 Scell activation procedure
Observation 1: Latency of Scell activation consists of two parts: Activation Start Delay including HARQ and MAC CE parsing time and Activation Processing Delay including AGC setting, Downlink timing and CSI processing.
Scell activation start delay
According to above discussion, Scell activation start delay is k. In RAN1#95, the timing value for Scell activation was agreed for both FR1 and FR2.  is a number of slots for a uplink transmission with HARQ-ACK information for the PDSCH containing activation command in MAC CE. One possible idea is activation command through PDCCH instead of MAC CE to reduce Scell activation start delay. This point was discussed when CA was introduced in Rel-10. The following impacts of different signalling way are given in Table 1.
Table 1 Impact of MAC CE and PDCCH for Scell activation
	
	MAC CE
	PDCCH

	Reliability

	High

	Low

	Latency 

	Medium
	Fast

	extensibility
	L2 signal is better than L1 signal to carry additional control information along with the activation command
	New DCI format or DCI content redefinition is needed.

	Impact scope
	RAN2
	RAN1 and RAN2



Signalling through MAC CE has benefit on reliability, extensibility and impact scope except latency. MAC CE has more reliability due to current HARQ retransmission mechanism. And the MAC CE can be transmitted with other MAC SDU for data to form one MAC PDU. It has better flexibility and extensibility. Furthermore for Scell activation, network and UE need a common understanding on when activation command can be learned by UE and expect the subsequent operation. Therefore, HARQ-ACK feedback for the signalling is needed even if activation command is transmitted through PDCCH. Similar to DL SPS release signaling, the latency of DCI signalling with corresponding HARQ-ACK is equivalent to MAC CE. Then the benefit of PDCCH signaling with most accurate timing will not exist anymore.
Observation 2: Scell activation signaling through PDCCH does not seem to provide benefit on latency if HARQ-ACK for the signalling is needed for Scell activation command. 

The timing value  also includes MAC CE parsing time. The value of 3ms MAC CE latency for activation/deactivation of SP CSI on PUCCH, SP CSI-RS and trigger states of AP-CSI/CSI-RS agreed in MIMO agenda is reused. It should be noted that MAC CE latency above is the time interval from the slot UE transmits the HARQ-ACK corresponding to PDSCH carrying the MAC-CE message to the time that the MAC CE message is applied. All the MAC CE messages considered above are beam related considering some beam processing latency. Considering MAC CE parsing time, the MAC processing latency is agreed as 0.5 ms in Initial access and mobility agenda and has also been captured in the specification for the adjustment of uplink transmission timing applying after a TA command received in MAC CE. How much MAC CE parsing delay of Scell activation command needed can be discussed further for low latency purpose. Thus a small value of k can be considered in low latency of Scell activation.

Proposal 1: A small value of k for Scell activation start delay can be considered for low latency Scell activation.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Scell activation processing delay 
As discussed above, Scell activation processing delay includes the delay of AGC setting, fine downlink timing and CSI processing for valid CSI report. The delays considered above involve the timing status of the Scell being activated, the time interval of the signal for Scell coarse or fine downlink time tracking, the delay of acquiring the available downlink CSI reference resource, UE processing time for CSI reporting and also delay of acquiring the available CSI reporting resources. 
Taking LTE as a reference, the Scell activation start delay is 8 subframes and the largest activation processing delay for one normal Scell is 24~34 subframes. The activation processing delay would be about 3 to 4 times compared to the activation start delay. Therefore, the delay of activation processing should be taken more seriously. It is also noted that in LTE AGC, downlink timing and CSI measurement for Scell activation can use CRS symbols. However, as PSS symbols are not distributed over the whole system bandwidth and in close time interval as CRS symbols, the measurement samples for AGC estimation and downlink timing reference will be less in NR. That implies that Scell activation in NR may need more measurements symbols in the time domain to ensure the same accurate power gain estimation and timing accuracy. And if the Scell being activated belongs to FR2, the operation of Rx beam sweeping may also be needed. Hence it can be expected that more activation processing delay are necessary to make AGC and tracking loop converged to the stable state in NR in comparison with LTE. 
For the scenario that Scell being activated belongs to FR2, if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1, upon receiving Scell activation command, beam management is needed to find the suitable RX/TX beam for synchronization and CSI measurement because the beam information stored can become invalid. And the time that UE consumed for beam training is significant. As shown in Figure 2, for example, there has N beams in the UE side, the worst case that  the Nth RX sweeping beam is the suitable beam which means at least N* TSMTC_SCell needed before reporting CSI information. Thus, how to reduce the time consuming of beam management during the Scell activation is important in the low latency of Scell activation.

[bookmark: _Ref883278]Figure 2 RX/TX beam training during Scell activation 
The field trail results in [2] has shown that the normalized channel response between lower frequency (6.75GHz) and higher frequency (30GHz) is similar, both in the case of LOS and vehicle blockage (NLOSv) scenario. Hence, it is reasonable to utilize the FR1 beam training results to speed up the beam management of FR2 during the Scell activation. 
A possible solution is to use/select the TX beam for FR2 based on FR1 beam training results. In particular, the gNB can use some uplink signals or transmissions sent in FR1 to estimate the DoA information, or transmission direction or some other useful information. By either way, the gNB can determine the signal transmission direction in FR2 and configure the corresponding RS or SSB to a UE for the low latency of Scell activation. As shown by the example in Figure 3, based on the FR1 beam training results, only a subset of TX beams 1~m selected from the total candidate TX beams in FR2 will be transmitted in a repetition manner for Scell  beam training, and the reference signal for each beam is spanned in multiple consecutive symbols. During these symbols, the UE can perform RX beam sweeping or adjust its RX beam for Scell accordingly. Compared with the current global TX-RX beam training, the number of potential trained beam in FR2 is smaller and thus the latency for Scell activation is reduced. 

[bookmark: _Ref883809]Figure 3 enhanced RX beam training during Scell activation procedure
Proposal 2: FR1 beam training results assisted FR2 Scell activation can be considered for the low latency of Scell activation.
In NR, the measurement samples for AGC estimation and downlink timing reference is mainly related to the SS/PBCH block measurement timing configuration (SMTC). And the UE shall report valid CSI for the Scell when the Scell activation is completed. Thus the time interval of CSI reference resources and reporting resources would also impact on the Scell activation delay. 
Proposal 3: Fast synchronization/tracking and smaller internal between CSI reference resource and reporting can be considered for low latency of Scell activation.
Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: A small value of k for Scell activation start delay can be considered for low latency Scell activation.
Proposal 2: FR1 beam training results assisted FR2 Scell activation can be considered for the low latency of Scell activation.
Proposal 3: Fast synchronization/tracking and smaller internal between CSI reference resource and reporting can be considered for low latency of Scell activation.
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