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1. Introduction

In previous 3GPP RAN1 meetings, it was discussed and concluded in TR36.872 that small cell on/off operation with small on/off transition time can provide system throughput gain for small cells due to the reduced inter-cell interference from unnecessary CRS transmission.  However, there are still some unclear points in small cell on/off operation for further discussion.

1) What are small cell on and off states?

2) What are main factors of on/off transition time in legacy scheme?

3) What is the difference in specification efforts between dynamic and semi-static small cell on/off?

This paper provides our views on the above three points.


2. Discussion
2.1 Small cell “on” and “off” states
In 3GPP RAN1 Session #73, it was concluded that the user throughput gain of small cell on/off operation is mainly due to the reduced interference from CRS and common control channels.  So far, two techniques, new carrier type and small cell on/off operation, have been proposed to achieve this goal in different ways.  New carrier type tries to redefine small cell “on” state while small cell on/off operation in small cells tries to introduce additional definition of “off” state in small cells for R12 or later UEs without changing the definition of small cell “on” state.  Depending on the small cell on/off transition time, different levels of user throughput gain and specification impacts are expected.  Shorter small cell on/off transition time brings higher user throughput gain but it also introduces more specification impacts.  A companion paper [3] shows the throughput gain for different on/off transition time scales.
For minimized impacts on legacy UEs, in our views, the definition of small cell “on” state should be the same as that in legacy system so that legacy UEs still can served by small cells in “on” state.  This enables the possibility to provide legacy support in TDM fashion for small cells.  However, it also implies that a small cell can’t transit to “off” state when there are legacy UEs served by the small cell no matter whether the legacy UEs are in connected or idle mode and this may degrade the performance gain obtained from small cell on/off operation.  To reduce possible performance gain degradation, legacy UEs can be aggregated to be served by part of deployed small cells only while new UEs can be served by all small cells.  
For small cell “off” state, in our views, there can be two sub-states ( 1) completely off; 2) DTX.  In the state of completely off, there is no signal transmission and small cell can be completely turned off.  Though the power saving is large, it takes longer time to transit back to small cell “on” state and nearby UEs are not able to detect the existence of small cells in this state.  In the state of DTX, there are two possible definitions:

1) DTX of all transmission except discovery reference signal (DTX #1); 
2) DTX of CRS-based transmission (DTX #2).  
For the first definition, there is only transmission of discovery reference signal when a small cell is in DTX state.  With the transmission of discovery reference signal, nearby UEs are able to detect the existence of small cells.  For the second definition, only CRS-based transmission is muted and there may be transmission of other reference signals except discovery reference signal, e.g. synchronization signals and CSI reference signals.  In this case, it’s more like NCT.  Table 1 compares different techniques from the perspectives of introduced interference level, cell detectability and specification impacts.
Table 1. Comparison of NCT and small cell on/off with different “off” state definitions
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From Table 1, comparing different definitions of small cell “off” state, DTX #1 can provide the best trade-off between the specification efforts and introduced throughput gain.  Therefore, DTX #1 as small cell “off” state in addition to no transmission should be considered for small cell efficient operation.

Proposal #1: Capture the following definitions for small cell “off” state in the latest version of TR36.872 for further evaluation.
· Case 1: No transmission
· Case 2: Only discovery reference signal is transmitted

· Case 3: Common control channels and some reference signals, such as PSS/SSS and NCTCRS, are transmitted
2.2 Factors of on/off transition time in legacy scheme
In this section, we try to analyze factors of on/off transition time in legacy scheme from UE perspectives.  In legacy scheme, there are two preparation procedures before an UE starts data reception from the network and each procedure consists of several steps to reach RRC connection state ready for data traffic.  Table 2 shows corresponding steps of each procedure and the latency caused by each step based on [1]
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[2].
Table 2. Steps of initial access and handover procedure
	Procedures
	Initial Access
	Handover

	Steps
	1) Synchronization and Cell detection (≥ 200ms)
2) RRM measurements and cell selection (≥ 200ms)
3) System information acquisition (≥ 200ms)
· MIB, SIB1 and SIB2
4) RACH procedure (≥ 14.5ms)
5) RRC connection configuration (≥ 17ms)
· Set-up, UE processing and set-up complete
	1) RRM measurements and reporting (≥ 200ms)
· Intra-frequency (≥ 200ms)
· Inter-frequency (≥ 960ms)
2) RRC connection reconfiguration (≥ 35.5ms)
· RRC command delay, HO interruption time
3) Synchronization (~ 3ms)
4) RACH procedure (≥ 14.5ms)


For small cell operation in Release 12, it is expected that UE will always connect to a macrocell first in both co-channel or non-co-channel deployments whenever there is macrocell coverage.  Therefore, initial access procedure will not be the typical case to be considered and handover procedure will be the typical case for consideration in small cell on/off operation.  From Table 2, RRM measurements seem to be the most important factor for the transition time reduction of CRS transmission.  Total transition time can be largely reduced from 253ms or 1113ms to 53ms if RRM measurement scheme can be enhanced.
Proposal #2: RRM measurement enhancements are needed to support efficient small cell on/off operation and should be prioritized in Release 12.  Enhancements on procedures for reduced interference due to CRS transmission can be further studied after RRM measurement enhancements.
2.3 Dynamic versus semi-static small cell on/off
According to simulation results shown in TR36.872, it is observed that dynamic small cell on/off based on packet arrival provides the best throughput gain.  If there is no additional specification efforts, compared to semi-static small cell on/off, there is no need to prevent the support of dynamic small cell on/off in Release 12.  Then what enhancements should we have in existing system to support at least almost dynamic small cell on/off operation?
It’s already very clear that the only difference between dynamic and semi-static small cell on/off operations lies on the transition time length for CRS transmission between “on” and “off” states.  If it is able to reduce the transition time length for CRS transmission to zero, semi-static small cell on/off operation would be effectively the same as dynamic one.  Therefore, from our views, dynamic small cell on/off scheme is actually a special case or ultimate goal of semi-static small cell on/off scheme.  If “off” state is defined as DTX #1 in Section 2.1, there is possibility to achieve almost zero transition time with the following two enhancements according to Section 2.2 if only connected-mode UEs are considered.
1) Enhancement on CRS-based RRM measurements

2) Enhancement on CRS-based procedures, e.g. handover
Though there are different ways for the enhancements, they are all non-backward compatible.  A small cell supporting the enhanced mechanisms still can autonomously select between backward compatibility and enhanced system throughput in a TDM fashion based on whether it has to support legacy UEs and it’s an implementation issue.
Observation: Reduction of transition time between “on” and “off” states is the key of the throughput performance in small cells and the definition of “off” state will constrain how much transition time reduction can be achieved. 


3. Conclusion
Based on above discussion, proposals are summarized as follows.
Proposal #1: Capture the following definitions for small cell “off” state in the latest version of TR36.872 for further evaluation.

· Case 1: No transmission

· Case 2: Only discovery reference signal is transmitted
· Case 3: Common control channels and some reference signals, such as PSS/SSS and NCTCRS, are transmitted
Proposal #2: RRM measurement enhancements are needed to support efficient small cell on/off operation and should be prioritized in Release 12.  Enhancements on procedures for reduced interference due to CRS transmission can be further studied after RRM measurement enhancements.
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