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Introduction

In last RAN1, following were agreed related to small cell on/off.
	Agreement:
· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement

Agreement:
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS

Agreement:
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration



In [77-08] email discussion, following were agreed.
	· 1) A document summarizing all the proposals for transition time reduction which can then act as a guidance for the next RAN1 meeting.
· 2) An agreement on UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:
· ·         If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.
· o   FFS MBMS on this SCell.
· o   FFS further reduction of CRS in an activated SCell.

· 3)      Observations on further reduction of transition time for small cell on/off:
· ·         The number of subframes of CRS needed before decoding the first (E)PDCCH/PDSCH needs further study.
· ·         For fine time and frequency tracking, a periodicity of CRS in one subframe in a 5 ms interval was considered sufficient. Further reductions in periodicity may be possible for small cells. Specific values are FFS.



This document discusses small cell on/off procedure further.

Discussion
Possible need of CRS/CSI-RS other than DRS would be followings. Our view on these usages is described below.
- Channel estimation of PDSCH/PDCCH
Currently there is the situation that no CRS available in previous/next subframes at least in TDD. Therefore, at least TDD capable UE, the demodulation only relying in the current subframe's CRS only should be available.
On the other hand, if small cell on/off is restricted to TMs using DM-RS, CRS for PDSCH is unnecessary. In addition, if cross-carried PDCCH or EPDCCH is used, CRS for control is also not necessary. 
Observation: In CRS based TMs, CRS in the assigned subframe is sufficient. In DM RS based TMs, there is no need to use CRS.
- Fine frequency tracking
This may be the topic of the different views. Even PCell and SCell are different band and different location because of TP, it is still CA of ideal backhaul. As pointed out by [3], some are obtained from PCell directly and some are obtained from DRS in SCell frequency. Similar to quasi co-location type B for TM10, Doppler shift and Doppler spread quasi co-location information can be obtained from PCell and/or DRS in SCell even it is different bands.
On the required level of fine frequency tracking, it is influenced by two factors, multi-frame channel estimation and uplink transmission. If multiple subframe channel estimation is assumed, more accuracy is required as in-accurate frequency tracking degrade the performance. On the other hand, if single subframe channel estimation only is assumed, the requirement is not so high. Even not having fine frequency tracking, the received signal is demodulated well thanks to reference signals. If uplink is specifically supported based on SCell of on/off, the required accuracy is also high to fulfil uplink transmit signal quality of like +/- 0.1 ppm. But this can be obtained from PCell as the operation is CA.
Observation: as long as single subframe channel estimation, strict frequency tracking is unnecessary.
- CSI measurement including interference estimation.
During DRX period, no periodic CSI is sent. Therefore, there is no need to have CRS or CSI-RS.
During non-DRX period, CRS and/or CSI-RS are necessary. For TM10, the measurement is restricted CSI-RS only. Therefore, to send certain CSI-RS depending on the periodicity of CSI reporting would be sufficient. For CRS based TMs, which subframe's CRS is used for CSI estimation is up to UE manufacture as written "based on an unrestricted observation interval in time and frequency,... " in TS36.213 section 7.2.3. On the other hand, we don't think very long interval would be used for interference measurement as it degrades the reference resource's CSI estimation.
In order to reflect bursty nature of the traffic, aperiodic CSI reporting is better. The network can know which CRS/CSI-RS are minimum necessary for certain subframe's reporting on aperiodic CSI especially TM10. Then the network can sent CRS/CSI-RS for the necessary subframes. For UE side, regardless of the network transmission of CRS/CSI-RS, the necessary CSI estimation should be carried out in order to prepare aperiodic CSI reporting after reference resource. 
Observation: The network sends CRS/CSI-RS for the required subframes when the network request periodic/aperiodic CSI.
- AGC
The discussion in RAN4 for D2D was concluded as 70 usec is required [4]. The same value would be sufficient for small cell on/off signal reception. The first symbol of SCell off to on subframe may not be able to receive it because of AGC setting. But when SCell on/off subframe's assignment is from PCell or EPDCCH, the control region including the first symbol of the SCell are unnecessary. 
Observation: There is no specific need to have CRS/CSI-RS other than assigned subframe from AGC perspective. 

According to above discussion, our best preference is following. 
- DMRS based TMs are supported by the assignment from cross-carrier PCell or EPDCCH. 
- Other than assigned subframes, the network may send CSI-RS in the subframes corresponding requested aperiodic CSI-RS reporting. The other subframes are no CRS/CSI-RS transmission except DRS.
- The assignment occurs only "On_duration" of DRX procedure. Active time is extended according to current DRX procedure.

On the other hand, through the past discussion including [77-08], we understand different companies think differently on the need of CRS/CSI-RS other than DRS. Therefore, our proposal of the compromise is following. 
- CRS is transmitted before the assignment of the downlink during [FFS] ms. FFS ms can be 5ms. 
- Other than assigned subframes, the network may send CSI-RS in the subframes corresponding requested aperiodic CSI-RS reporting. The other subframes are no CRS/CSI-RS transmission except DRS.
- The assignment occurs only "On_duration" of DRX procedure. Active time is extended according to current DRX procedure. 
By above procedure, the overhead of CRS/CSI-RS required for bursty type of the web traffic is very small, although the efficiency in case of sparse non-contiguous is a bit decreased because of 5ms CRS before the assignment. Optimization for such traffic can be further considered in the future release. 

On the FFS point of MBMS of on/off SCell, we don't see the need to support this operation in Rel.12 as it requires SIBs transmission in this on/off operating cell. MBMS should be operated rather constantly on cell.


Conclusion
We propose following. 
- CRS is transmitted before the assignment of the downlink during [FFS] ms. FFS can be 5ms. 
- Other than assigned subframes, the network may send CSI-RS in the subframes corresponding requested aperiodic CSI-RS reporting. The other subframes are no CRS/CSI-RS transmission except DRS.
- The assignment occurs only "On_duration" of DRX procedure. Active time is extended according to current DRX procedure. 
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