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1. Introduction

In RAN1#76bis, the conclusions for small cell on/off switching included the following discussion points for new procedures with reduced transition time [1]:
· Candidates for the new L1 procedure for activated SCell to further reduce the transition time includes at least followings

· Information on what UE can assume about the cell transmission is indicated to the UE

· Candidates for the indicator are

· DCI message

· Reference signal

· Active time within the DRX procedure 

· Enhanced CA activation/deactivation command

· For the DCI message and reference signal candidates 

· Down-select whether the indication is sent on the serving SCell operating on/off, on the PCell 

· Down-select the value of the delay between the indicator and its corresponding first on subframe, within the range of 0 to 4 ms

· Define the number of consecutive on subframes associated with the indicator

· FFS: Whether the number of on subframes can be signaled with the indicator

· Maximum number of consecutive off subframes is less than periodicity of configured signals such as DRS or CSI-RS.
· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes.
Furthermore, the agreements on the choice of discovery reference signals (DRS) included
Agreements:

· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS
In this contribution, we provide our views on down selecting how to perform the indication of cell transmission state to UEs.
2. Cell Transmission 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. New procedures that can achieve such times remain under discussion. The various procedures proposed until the previous meeting can be broadly categorized as follows:
1. DCI message: explicit signaling of impending cell OFF state via DCI messages on the PDCCH.
2. Reference signal: use absence of certain reference signals during OFF state as an implicit cell state indicator.
3. Active time within the DRX procedure: reuse existing DRX structure as much as possible to implement on/off switching.
4. Enhanced CA activation/deactivation command: enhance MAC CE commands with L1 signaling of activation/deactivation.
Each of these candidates is discussed in more detail next.
DCI message:
The drawbacks of using DCI messages for cell state indication have been discussed in [2]. Specifically, 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. SCells can signal their own forthcoming on/off state

2. Only PCell signals on/off states of SCells

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

When PDCCH is used for state indication, then all three cases would require a modified DCI format and possibly new scrambling RNTI similar to the introduction of eIMTA-RNTI, while cases 2 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 specification impact of explicit cell state signaling appears to be not insignificant. 
Furthermore, the impact on UE behavior, including analysis of error cases, would also need to be quantified. Using a single DCI message in the PDCCH may have a greater probability of incorrect decoding at cell-edge UEs, who would then wrongly assume that the SCell is OFF [3]. Additional drawbacks are discussed in [2]. Finally, any potential gain in RRM measurement accuracy via explicit signaling of cell states is unclear since DRS has yet to be agreed upon. 
Reference signal: 

It has been agreed that when in OFF state, SCells periodically transmit DRS in some subframes and no transmissions are made in the remaining subframes. Thus, the absence of PSS/SSS and CRS/CSI-RS in a subframe which has not been designated as MBSFN is an implicit indicator of cell OFF state. As an example, UEs can use the presence of CRS to imply that the cell is ON. Thus, UEs first attempt to detect the presence of CRS in a subframe before attempting PDCCH blind decoding. If CRS is inferred to be absent, then the SCell is considered to be in OFF state. The UE can then begin DRS-based RRM measurements based on the DRS information provided beforehand by the network, and periodically monitor selected non-DRS subframes to check for the presence of CRS. As soon as CRS in a non-DRS subframe is detected, the UE returns to continuous reception mode.
The advantages of implicit indication are that specification impact is marginal, the signaling overhead as compared to DCI messaging or other explicit L1 indications is zero, and the cell on-to-off transition time can be as low as one subframe [4], which is the lowest possible value.
Active time within DRX:

Both PCell and SCells can transition to OFF state once all associated UEs have commenced DRX cycles. UEs commence DRX cycles either autonomously after the expiration of an inactivity timer, or are commanded to do so by the serving cell via MAC signaling. Additional RRC configuration of DRX parameters (e.g., timers) may also be required. In either case, the cell transition time from ON to OFF will take several tens of milliseconds, which reduces or eliminates any potential throughput gain from on/off switching. Furthermore, there may be some specification impact, since at the last meeting further study was suggested regarding the need for a new DRX configuration specifically for on/off cells, as well as possible impact on DRX timers.
Enhanced CA activation/deactivation:
Currently, UE-specific activation/deactivation of SCells is performed by MAC signaling, which has latency in the range of tens of milliseconds. It has been proposed to augment this procedure with L1 signaling carrying activation/deactivation commands, so as to reduce the overall cell transition time [5]. The new L1 signaling may be transmitted by either the MeNB or SeNB.
This method has a few drawbacks such as the need to define new signaling and the inherent limitation to CA-capable UEs. Furthermore, if the signaling is provided from the MeNB, this would introduce additional delays due to non-ideal backhaul from the SeNB, which nullifies any potential reduction in cell transition time.

In summary, based on the above discussion we have the following proposal.
Proposal: Based on factors such as low specification impact and minimal state transition time, implicit cell transmission indication via reference signals is supported.
3. Conclusion
In this contribution, we discussed the pros and cons of the four candidates to indicate cell transmission to UEs.
Proposal: Based on factors such as low specification impact and minimal state transition time, implicit cell transmission indication via reference signals is supported.
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