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1. Introduction
In the RAN1 76th meeting, the procedure for small cell on/off transition time reduction was discussed and the following agreements were made [1]:
· No new idle mode UE behavior in Rel-12 small cell enh. WI
· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

Meanwhile, the open issues that need to be addressed were listed as follows [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 provide the discussion on the open issues to support small cell on/off.

2. DRS based RSRQ measurement
The DRS transmitted by the small cells that are in the off state is used to perform the RRM measurement including both RSRP and RSRQ. In R12 dense small cell deployment scenario, UEs may need to report more neighbouring cells’ measurement results to support the small cell on/off. In order to save the time spent on the inter-frequency measurement, it is better the DRS from different small cells that are in off state are transmitted in the same subframe(s), then multiple measurement gaps configuration could be avoided. So the periodicity of the DRS transmission should be comparable to the existing measurement gap pattern, and the DRS transmission occasion should be at least partially overlapped with the measurement gap as illustrated in figure 1.

Figure 1: Illustration of the DRS transmission
Proposal 1:
· DRS from different small cells that are in off state are transmitted in the same subframe(s)
· The periodicity of the DRS transmission should be comparable to the existing measurement gap pattern

It is a natural choice that RSRP measurement is performed using the DRS as only power information is needed. Regarding the RSRQ measurement, according to the RSRQ definition in [2], the RSSI is measured in OFDM symbols containing reference symbols or over all OFDM symbols in the indicated subframes if configured by the high layer signalling. The interference level included in the measured RSSI from a certain small cell that is in the off state may be overestimated since the interference from both on and off state small cells are counted. In order to handle this problem, the following alternatives could be considered
· Option 1: the RSSI measurement is performed in the symbols not including DRS. 
· Option 2: the RSSI measurement could be performed in the symbols including DRS within the measurement bandwidth, the measurement bandwidth is configurable. Clearly this is highly related to the design of DRS. For example, if the neighbouring small cells that are in off states transmit DRS in different RBs, the RSSI could be measured based on frequency location of the DRS transmission. Obviously, this may introduce much standard impact to design the DS transmission as well as more test effort in RAN4 spec.
· Option 3: UE implementation to refine the RSSI measurement results. In order to facilitate the UE measurement, network assistant information should be provided to the UEs. UE could then refine the RSSI measurement results using the assistant information. In this option, the neighbouring cells’ on/off states should be explicitly informed to the UE.
It is preferred that option 1 is adopted considering the impact to the specs:
Proposal 2:
· For the DRS based RSRQ measurement when the small cell is in off state, RSSI measurement is performed in the symbols not including DRS.
UE still need to perform RRM measurement when the small cell is transited to the on state. The small cell that is in the on state may transmit legacy signals to serve the UEs. It is a natural choice that UE could rely on the legacy signals such as CRS to perform the RRM measurement. However, using the legacy procedure will still cause the biased RSRQ measurement results since the CRS transmission may collide with the neighbouring cell’s DRS transmission. Thus, in order to handle this issue as well as to keep the same RRM measurement mechanism regardless of the cell’s state, it is preferred that the DRS is still transmitted even when the small cell is in an on state and the RRM measurement is still rely on the DRS. 
Proposal 3:
· DRS is transmitted even when the small cell is in an on state and the RRM measurement should be performed using the DRS.

3. Network assistant information
It is concluded that the network assistant information should be provided to the UEs to perform the RRM measurement. In the yet defined MeasObjectEUTRA information, a list of the neighbouring cell’s information is provided.  In our understanding, the network assistant information provided to the UEs to facilitate the RRM measurement is quite similar to the already defined MeasObjectEUTRA. Some additional information such as time/frequency resource to carry the DRS transmission should be provided. 
Regarding the cell state, as it is beneficial to still keep the DRS transmission even when the small cell is in the on state, we don’t see any motivation to inform the UE of the cell’s state information.
Proposal 4:
· The network assistant information provided to the UEs to facilitate the RRM measurement is quite similar to the already defined MeasObjectEUTRA and additional information such as time/frequency resource to carry the DRS transmission should be provided either.
· The on/off cell state is not needed to be explicitly informed to the UEs


4. Conclusions
In this contribution, we provide the discussion on the open issues to support small cell on/off. Based on our analysis, we have the following proposals:
Proposal 1:
· DRS from different small cells that are in off state are transmitted in the same subframe(s)
· The periodicity of the DRS transmission should be comparable to the existing measurement gap pattern

Proposal 2:
· For the DRS based RSRQ measurement when the small cell is in off state, RSSI measurement is performed in the symbols not including DRS.

Proposal 3:
· DRS is transmitted even when the small cell is in an on state and the RRM measurement should be performed using the DRS.

Proposal 4:
· The network assistant information provided to the UEs to facilitate the RRM measurement is quite similar to the already defined MeasObjectEUTRA and additional information such as time/frequency resource to carry the DRS transmission should be provided either.
· The on/off cell state is not needed to be explicitly informed to the UEs
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