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1. Introduction
RAN2 recently agreed to introduce a fast Scell activation as a part of rel.15 EuCA WI and sent an LS for RAN4 to define the necessary requirement [1]. 

In this paper, we discuss the necessary UE requirement for the new Scell state.
2. Discussion
2.1. Review of RAN2 agreement

The summary of the RAN2 agreement and the corresponding request to RAN4 is captured below [1]: 

	The following RAN2 agreements characterize the new ‘fast SCell activation state’:

· Transition between the existing SCell states and the new SCell state is done via MAC CE 

· UE can be configured to provide periodic CRS-based CQI reporting in the new SCell state

· UE is not required to perform PDCCH monitoring in the new SCell state

The CQI/PMI/RI reports in the new ‘fast SCell activation state’ are to be usable by the eNB to start scheduling on SCell after transitioning into SCell activated state.

…

To RAN WG4:

ACTION:      RAN2 respectfully requests RAN4 to specify, if needed, 

· Delay and interruption requirements for state transitions between the new SCell state and legacy SCell states 

· accuracy requirements for the CRS-based CQI reporting in the new SCell state



2.2. Delay/Interruption Requirement
With the introduction of the Scell new state, there are three types of state transition scenarios that RAN4 needs to consider, including “new state to activated state” (New2Act), “deactivated state to new state” (Deact2New), and “activated state to new state” (Act2New) transitions. First of all, for the New2Act state transition, the current definition of the Scell activation delay, i.e., the amount of the time until a UE reports a first valid CQI, should be revised since for the Scells in the new state, the UE has been periodically reporting the valid CQI. the new Scell activation delay can be defined as the amount of the time until a UE is ready to receive and process the downlink grant from the Scell being activated. 

Proposal 1. For the Scell in the new State, Scell activation delay is defined as the amount of the time from the reception of the MAC CE indicating the Scell activation until UE is ready to receive a downlink grant from the Scell being activated.
When activating a Scell in the new State, extra delay to warm up the Scell downlink, including tracking loop, channel estimation and CQI convergence can be minimized since the UE has been performing a periodic CQI reporting for the Scell. However, UE might have been running SCC RF in the low-power mode throughout the new State, and the actual activation of the Scell may involve switching SCC RF to the normal mode, hence requiring a brief interruption for the transient period. In the legacy requirement, the interruption length during the Scell activation is given by 5ms for intra-band CA and 1ms for inter-band CA. Among the 5ms interruption for intra-band CA, 3ms is for the additional margin to allow more time for AGC in case of a sparser DL subframe availability, e.g., 60% MBSFN subframe allocation. Given that the purpose of the new Scell state is to minimize the activation delay, we can define a new shorter interrupton window and activation delay for the Scells in the new State when none of the serving cells are configured with MBSFN subframes. For FDD, we propose to use [n+5, n+7] for the interruption window in the absence of MBSFN subframes, which is for the interruption of 2ms plus an additional implementation margin of 1ms in handling the fast Scell activation. This allows an overall Scell activation delay of n+8 for the Scell in the new State for FDD. For TDD, we propose the interruption window of [n+5, n+10] in the absence of the MBSFN subframes, which gives n+11 for the activation delay for the Scells in the new State. Note that the proposed new interruption window of [n+5, n+10] in TDD is based on the new worst-case scenario of ULDL config 0, which is different from ULDL config 6 with MBSFN subframes that was used in deriving the legacy interruption window of [n+5, n+11]. Under the proposed interruption length/window, the overall Scell activation delay and interruption requirement for the Scell in the new State with and without MBSFN subframes can be summarized as in Table 1.
Proposal 2. Scell activation delay and interruption window for a Scell in the new State is given by the Table 1.

Table 1. Scell Activation Delay/Interruption Window for the new Scell State (when a MAC CE with Scell activation command is received at subframe n)
	Config
	Interruption Length
	Interruption Window
	Scell activation delay

	FDD 
	MBSFN subframe not configured
	2ms (intra-band), 1ms (inter-band)
	[n+5, n+7
]
	n+[8]

	
	MBSFN subframe configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+9]
	n+[10]

	TDD 
	MBSFN subframe not configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+10]
	n+[11]

	
	MBSFN subframe configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+11]
	n+[12]


In ULCA case, both Scell uplink and downlink need to be ready at the time of the Scell activation. This means that for a Scell in the new State, UE not only needs to keep the SCC downlink warmed up in a low-power mode with the periodic CQI reporting, but also needs to perform any necessary step to keep its SCC Tx tuned. Such additional handling for SCC Tx may lead to more complicated design and/or a larger power overhead depending on the UE implementation. Therefore, it needs further study whether a separate UE capability and/or activation delay/interruption requirement should be introduced for the Scell in the new State that can support ULCA.
Observation 1. It needs further study whether a separate UE capability and/or activation delay/interruption requirement should be introduced for the Scell in the new State that can support ULCA .

Next, for the Deact2New transition, UE is expected to perform any necessary RF retune, search, and AGC/tracking loop warm up to get ready for the periodic reporting of the valid CQI in the Scell New state. From the UE perspective, the amount of time or the interruption length required for UE to acquire the first valid CQI after transitioning from the deactivated state has no reason to change regardless of whether the UE enters Scell activated state or Scell new state. Given that “Deact2New” state transition will be also handled by MAC CE, our view is that the same delay and interruption requirement as the legacy Scell activation should be applied to the “Deact2New” state transition.
Observation 2. Delay and interruption required for a UE to acquire the first valid CQI of a Scell after the RF tune and AGC/loop convergence remains the same regardless of “deactivated-to-activated” or “deactivated-to-new” state transition. 
Proposal 3. It takes up to 24 ms (known Scell) or 34 ms (unknown Scell) to switch a Scell from the deactivated state to the new Scell state.
Next, the “Act2New” state transition should be similar to the Scell deactivation in terms of the delay and interruption. The only difference is that, instead of deactivating the Scell completely, UE keeps the Scell warm in the low-power state. Therefore, we propose the existing deactivation delay requirement and interruption requirement to be reused for the “Act2New” state transition.
Proposal 4. It takes up to 8 ms to switch a Scell in the activated state to the new Scell state.
2.3. CQI Requirement
Legacy CQI requirement in the carrier aggregation scenario is defined for PCell and Scell(s) that are all in the connected state [subclause 9.6, TS36.101] without CDRX, and UE is expected to compute/report CQI every 10 – 40ms. However, the CQI computation of the Scell in the new State is expected to be performed only every multiple of CDRX period without any data transmission or sufficient channel estimation filtering. Due to no PDCCH monitoring (and no PDSCH scheduling) for the Scells in the new State, UE may have fall back to 2Rx mode even if the UE can support up to 4Rx for the Scell. Furthermore, the sparse wake-up for CQI measurement without continuous channel estimation/filtering may further contribute to the variance in the reported CQI. Therefore, a relaxed CQI accuracy requirement should be considered for the periodic CQI reported from the UE for the Scells in the new State. 
Proposal 5. CQI accuracy of the Scell in the new State is verified by checking the CQI difference between other activated serving cells of a higher SNR and the Scell of a lower SNR in the new State, with the accuracy requirement relaxed compared to that of activated Scells.
Proposal 6. CQI accuracy requirement for the Scell in the new State is tested based on the 2Rx assumption regardless of the actual number of Rx supported on the SCell. 
3. Conclusions

In this paper, we discussed the necessary UE delay/interruption and CQI accuracy requirement regarding the Scell new state. List of observations and proposals made in this paper is summarized as follows.
Proposal 1. For the Scell in the new State, Scell activation delay is defined as the amount of the time from the reception of the MAC CE indicating the Scell activation until UE is ready to receive a downlink grant from the Scell being activated.
Proposal 2. Scell activation delay and interruption window for a Scell in the new State is given by the Table 1.

Table 1. Scell Activation Delay/Interruption Window for the new Scell State (when a MAC CE with Scell activation command is received at subframe n)
	Config
	Interruption Length
	Interruption Window
	Scell activation delay

	FDD 
	MBSFN subframe not configured
	2ms (intra-band), 1ms (inter-band)
	[n+5, n+7]
	n+[8]

	
	MBSFN subframe configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+9]
	n+[10]

	TDD 
	MBSFN subframe not configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+10]
	n+[11]

	
	MBSFN subframe configured
	5ms (intra-band), 1ms (inter-band)
	[n+5, n+11]
	n+[12]


Observation 1. It needs further study whether a separate UE capability and/or activation delay/interruption requirement should be introduced for the Scell in the new State that can be used in ULCA.

Observation 2. Delay and interruption required for a UE to acquire the first valid CQI after the RF change and AGC/loop convergence from the deactivated state remains the same regardless of “deactivated-to-activated” or “deactivated-to-new” state transition.

Proposal 3. It takes up to 24 ms (known Scell) or 34 ms (unknown Scell) to switch a Scell from the deactivated state to the new Scell state.

Proposal 4. It takes up to 8 ms to switch a Scell in the activated state to the new Scell state.

Proposal 5. CQI accuracy of the Scell in the new State is verified by checking the CQI difference between other activated serving cells of a higher SNR and the Scell of a lower SNR in the new State, with the accuracy requirement relaxed compared to that of activated Scells.

Proposal 6. CQI accuracy requirement for the Scell in the new State is tested based on the 2Rx assumption regardless of the actual number of Rx supported on the SCell. 
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This is to be able to receive DL grant from Scell at n+8. One concern is that �some companies may argue to reduce this even further down to n+6, given that we show our willingness to shrink this value. For inter-frequency, could be more concern. Hopefully our argument to keep a bit of UE flexibility works.
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