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1. Introduction

    For small cell on/off, there were several open issues to be addressed listed in RAN1#76 meeting [1]:
Conclusion:

· Followings are open issues of small cell on/off and discovery to reduce the transition time

· 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 document, we provide our view regarding these open issues, especially focusing on the measurement aspect. 
2. Discussion 

Interactions between RRM measurement based on DRS and RRM measurement based on CRS
One of the main issues to support DRS based measurement is that how it coexist with the existing CRS measurement. Since legacy CRS is only present in On period, at least we should have DRS based measurement for cells operating On/Off during the Off period. Given that we have agreed that the DRS signal design should guarantee that DRS based RRM measurement provide comparable performance as the CRS, it seems quite nature to apply DRS based measurement for On period as well, if DRS could be present during On period. Then the design could be quite simple and the current measurement structure/configuration could be reused to a large extent such that the only thing we need to add is to inform UE the RRM measurement is done based on CRS or DRS. 
On the other hand, if DRS could not be present during On period, CRS would be utilized instead. However, we would then need to define how to switch between the two types of measurements. One simple solution as the previous one is to reconfigure through measurement configuration. However, it would then induce a lot of RRC signalling between the on-off switching. Furthermore, either we would not be able to reduce the transition period or the RRM measurement is invalid during the transition period if it is made based on wrong assumption of which signal to perform measurement. Unnecessary reporting might be triggered due to the invalid measurement. Therefore, if we would like to switch the signal to be measured, the transition time of the measurement should be on the same order the transition time of On to Off or Off to On. That is, the configuration of both DRS based measurement and CRS measurement should be ready and UE switch the measurement signal based on the knowledge of on and off.  In the following we would discuss how to inform UE the state of a cell. Some of the parameter may need to be set independently, such as the offset values for triggering event, time to trigger or  L3 filtering. It would be up to RAN2 to define whether to use one measurement configuration or two different measurement configurations to achieve this.
Observation 1: If RRM measurement based on DRS during On period is feasible, current measurement structure could be reused. If switching between measurement on CRS and DRS for RRM is necessary, the switching should be aligned with On-Off switching.
Can RLM be based on DRS?
Whether RLM based on DRS is needed would depend on whether we allow primary cell or serving cell without CA of Rel-12 UE to perform on/off, as currently RLM is only performed on the primary cell. From our perspective, it is important to allow as much UE as possible to accommodate on-off operation so as to put less restriction/burden on network operation, and to enjoy the benefit of on/off operation in more scenario and deployments. Therefore we think RLM based on DRS should be supported, as the current DRX cycle may not be long enough to cover the whole off period and RLM between two DRX cycles is needed.
Given the sparse nature of DRS in the time domain, the RLM performance based on DRS during off period could be comparable to the legacy performance with long DRX cycle. However, for RLM during on period, the measurement may not be frequent enough resulting in poor RLM performance. Therefore, from RLM perspective, it is beneficial to switch from the measurement based on DRS to the one based on CRS if the cell is switch from off to on. It means UE should have the accurate knowledge of On/Off state of the serving cell so that UE is able to measure on the proper signal and avoid unnecessary RLF. At least UE should not assume On state when the cell is operating in Off state.
Proposal 1: RLM based on DRS is supported.

Proposal 2: UE should have the knowledge of cell On/Off state to achieve proper RLM performance.
Whether (and how) cell On/Off states explicitly informed to UE
Given the above discussions, the knowledge of cell On/Off states should be available at the UE side at least for RLM, and possibly be required for RRM as well. We are open to whether this information is explicitly signal to the UE or is implicitly known by the UE, while the order should be comparable to the On/Off state transition.  Therefore a strong candidate to signal such indication is PDCCH. On the other hand, implicit method such as presence of DRS or not could be another candidate if the performance is acceptable.
Proposal 3: PDCCH or other implicit method is utilized to inform UE the state of a cell with acceptable latency.
3. Conclusion

In this contribution, we discuss the issues regarding DRS based measurement and we have the following observation:
Observation 1: If RRM measurement based on DRS during On period is feasible, current measurement structure could be reused. If switching between measurement on CRS and DRS for RRM is necessary, the switching should be aligned with On-Off switching.
And we further propose:

Proposal 1: RLM based on DRS is supported.

Proposal 2: UE should have the knowledge of cell On/Off state to achieve proper RLM performance.

Proposal 3: PDCCH or other implicit method is utilized to inform UE the state of a cell with acceptable latency.
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