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1. Introduction

In RAN1#76, the conclusions for small cell on/off switching included the following open issues of small cell on/off and discovery for reduced transition time [1]:
· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In this contribution, we discuss the desirability and impacts of explicit signaling of cell ON/OFF states to UEs. How to support DRS-based RSRQ-like measurements and details of network assistance for discovery are examined in companion contributions [2], [3].
2. Cell ON/OFF Indication
Evaluation results for small cell on/off switching have shown that on-to-off and off-to-on transition times of 10ms or less provide the most throughput gain. Feasible procedures that can achieve such times remain under discussion. Furthermore, if CRS is not included as a part of the discovery reference signal (DRS) in cell off state, then rapid on/off switching can disrupt UE RRM measurements. Thus, several proposals have been made to explicitly signal cell on/off states to UEs for both potentially reducing transition times and improving RRM measurements [4], [5].

Excluding the existing MAC-based SCell deactivation procedure, two possibilities exist for signaling of cell states to UEs:

· Dedicated RRC signaling

· L1 signaling 
If the intention of such signaling is to possibly reduce on/off transition times, then semi-static RRC signaling may prove to be insufficiently fast. Furthermore, it is cumbersome to repeatedly transmit RRC SCell configuration parameters on a subframe basis to every RRC_CONNECTED UE, and new, more compact RRC signaling would need to be introduced. Thus, the use of RRC signaling to indicate cell on/off states is undesirable. 
The alternative would be to employ L1 signaling, such as in the PDCCH via DCI format 1C for example [4]. Consider a CA scenario where the PCell always remains on, and SCells operate with fast on/off switching. Then, the following primary possibilities exist:
1. Only PCell signals on/off states of SCells

2. SCells can signal their own forthcoming off state

3. SCells can signal forthcoming off states of their own and as well as forthcoming on/off states of other SCells.

Similar cases can be constructed for dual connectivity scenarios at both MeNB and SeNB. If PDCCH is used for L1 signaling, then all cases would require a modified DCI format and possibly new scrambling RNTI similar to the introduction of eIMTA-RNTI, while cases 1 and 3 would also require the use of CIF as in cross-carrier scheduling. If legacy UEs are allowed to be served by on/off SCells, then how they would handle this new DCI message needs further discussion.
The drawback of case 1 is that when multiple SCells are operating on/off, then the PCell will have insufficient control channel capacity for broadcasting multiple SCell states in addition to scheduling its own UEs. Regarding case 2, merely informing UEs of an upcoming ‘off’ duration of the serving SCell may not provide any noticeable improvement in transition time as compared to existing SCell deactivation procedure. Regarding case 3, additional coordination of control channel signaling across CCs may be required in order to ensure that an active SCell is always available to signal states of other cells. Thus, the specification impact of explicit cell state signaling appears to be not insignificant, while the tangible gains are not immediately apparent. Furthermore, the impact on UE behavior, including analysis of error cases, would also need to be quantified in the limited time remaining for the SCE WI. Finally, any potential gain in RRM measurement accuracy via explicit signaling of cell states is unclear since DRS has yet to be agreed upon. This leads to the following proposal. 
Proposal: The explicit signaling of cell states to UEs is not supported.
3. Conclusion
In this contribution, we discussed the desirability and impacts of explicit signaling of cell ON/OFF states to UEs.
Proposal: The explicit signaling of cell states to UEs is not supported.
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