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1 Introduction

One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to enhance efficiency of small cell on/off operation through reduced transition time. In the last RAN1 meeting, the following conclusions were reached, with follow-up issues identified. 
Conclusions:

· 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 candidates based on active time within the DRX procedure

· Define whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off

· Down-select timers related to DRX configuration to support on/off

· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes. 

Conclusions:

The following aspects can be used as guidelines to have further discussions for RAN1 #77 meeting for both on and off states for each of the candidates for activated SCell to further reduce the transition time
–      Transition time between on/off states and the definition of transition time used

–      On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction

–      Assumptions on data availability/location (e.g., at eNB MAC buffer)

–      Assumptions on CSI availability

–      Assumptions on TA availability

–      Assumptions on DRX status (for example, no DRX configuration )

–      Assumptions on PDCCH or EPDCCH reception at UE

–      Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB 

–      Preferred criteria to trigger on/off transitions

–      Specification impacts including any new UE behaviours/procedures needed, in addition to those already agreed until RAN1#76bis meeting

–      How to enable time/frequency tracking and automatic gain control at off to on transition

Above aspects can also be guidelines for any other candidates proposed for small cell on/off

In this contribution, we present our views on the procedures to be supported for small cell on/off transition time reduction.
2 Granularity of ON/OFF period and other assumptions

One of the key questions still needs to be resolved is on/off granularity, i.e. any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction.  Semi-static on/off and dynamic on/off were studied during the study item phase. With semi-static on/off based on packet arrival or completion, it was assumed that a cell’s consecutive ON subframes should be at least long enough to complete serving of a packet (e.g. of size 0.5MB or more), where the typical ON time is at least 10s of ms. With dynamic on/off, cell can be turned on/off in subframe level. The TR concluded that semi-static on/off (with less than 100ms transition time) can offer gain of >10% and the gain of dynamic on/off over semi-static on/off is limited (single digit %) especially in the case where 6 MBSFN subframes are configured. This is because MBSFN subframes is already an effective backward compatible way to reduce CRS interference. In addition, there is limited time remaining for Rel-12 specification and there is wide ranging implications with dynamic on/off on specification and UE implementation (e.g. time/frequency tracking, automatic gain control, RRM measurement, both CRS & DMRS based channel estimation, CSI/TA availability etc). Therefore, specification effort should focus on providing adequate support for semi-static on/off.  This implies that there should be no requirement to specify an on/off signalling method that is capable of changing on/off state at subframe level. Moreover, there should be no restriction on the maximum ON or OFF time. On the other hand, the minimum ON or OFF time would depends on the actual on/off signalling method, e.g. for DRS-based signalling, the minimum ON or OFF time depends on the DRS minimum periodicity.  If CSI-RS is the DRS, the minimum ON or OFF time can actually be as short as 5 ms, based on the existing minimum CSI-RS periodicity.  Nevertheless, system operation, UE implementation and the signalling method specified should be optimized to support minimum ON or OFF time of at least 10s of ms. In other words, optimization to support short ON time of e.g. 5ms or 10ms should be deprioritized or not considered for Rel-12.

Specifying for semi-static on/off also means that regardless of the means to indicate on/off, the assumptions of CSI availability, TA availability, DRX status, PDCCH/EPDCCH reception during the ON and OFF period can be no different than that for Rel-10/11 activated and deactivated SCell, respectively. Specifically:
Assumptions on CSI availability: The UE can only measure CSI when a cell is ON. If random access procedure is needed for UL sync, CSI can be measured during the random access procedure to achieve UL sync and can be reported after UL sync is achieved.
Assumptions on TA availability: TA is available if UL can be maintained in sync. If the UE is configured with the small cell for the first time, there is obviously no TA available initially. TA is available after completion of the random access procedure. TA is also available if the UE’s TA timer has not expired since the last on-to-off event. TA cannot be maintained during the cell’s off period; hence TA may be lost if the off period is longer than the TA timer. 
Assumptions on DRX status: Configured legacy DRX can take effect during the cell’s ON period. When the cell is OFF, DRS is the only signal the UE needs to receive. With network assistance information, UE may only need to wake up at indicated time to detect/measure DRS; however such wake up is not considered part of “active time” for UE whereby PDCCH is monitored. This minimizes specification impact on DRX.
Assumptions on PDCCH or EPDCCH reception at UE: UE is only required to receive PDCCH or EPDCCH when the cell is ON.

Specification impact due to semi-static on/off is mainly on RRM measurement procedure and on/off signalling. Specifically on RRM measurement procedure: 

Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB: UE can measure and generate RRM measurement results for an OFFcell from DRS. However, UE can only report measurement results to an ON serving cell, e.g. a PCell on the same or different frequency layer. RRC RRM measurement can be made available at the cell that is OFF through X2 signalling from the eNodeB that receives the measurement report. When a cell is ON but not a serving cell, RRM measurement can be generated and reported for CRS or DRS or both. When a cell is both ON and a serving cell, RRM measurement can be generated and reported for CRS, or both DRS and CRS, i.e. CRS is always necessary.

Proposal 1: Specification effort should focus on semi-static on/off (ON/OFF period of at least 10s of ms).
Proposal 2: There should be no restriction on the maximum ON or OFF time.
Proposal 3: In principle, the minimum ON time or the minimum OFF time depends on the on/off signalling method (e.g. 5ms may be possible for DRS based on/off signalling). However, system operation, UE implementation and the signalling method specified should be optimized to support a minimum ON or OFF time of at least 10s of ms.
Proposal 4: Regardless of the means to indicate on/off,  assumptions of CSI availability, TA availability, DRX status, PDCCH/EPDCCH reception during the ON and OFF period is no different than that for Rel-10/11 activated and deactivated SCell, respectively. UE can measure and generate RRM measurement results for an OFF cell from DRS. However, UE can only report measurement results to an ON serving cell.
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Figure 1: Semi-static ON/OFF
3 New L1 procedure to reduce transition time

Assuming downlink data has arrived at the eNodeB, we define the transition time from OFF to ON as the time from when the DRS RRM measurement report is available at the eNodeB to when the UE can receive downlink data with its UL in sync for ACK/NACK feedback. DRS detection, measurement and reporting latency is excluded since DRS is transmitted during the OFF period. The latency from random access procedure is only included if the UE is not in UL sync.


New L1 procedure to reduce transition time, if introduced, should target deployment scenarios where significant time reduction can be achieved. As discussed in [3], we believe the target scenario should be Scenario 2a with non-ideal backhaul where one of the small cells in the small cell cluster can be set up as the PSCell of SeNB in a dual connectivity operation (Figure 2). As the on/off pattern can be based on packet arrival/completion, the on/off decision should be made by the SeNB. Without the new L1 procedure, a baseline approach to indicate SeNB on/off states to the UE is through RRC SeNB addition and release procedure as illustrated in Figure 3. It is noted that the RRC signalling has to be sent from the MeNB as per RAN2 agreement for dual connectivity. The transition time between on/off states is analysed in Table 1. It is observed that OFF to ON transition takes about 97.5ms and ON to OFF transition takes about 65ms (still less than 100ms). As shown, the transition time is dominated by the non-ideal backhaul.

Note also that SeNB MAC CE activation/deactivation procedure from the MeNB is not supported as per RAN2 agreement. Therefore, on/off procedure based on SeNB MAC CE activation/deactivation from the MeNB should not be considered further. Nevertheless, it should be noted that such a procedure (or any procedure that involves signalling from the MeNB for that matter) would also suffer from the same long latency of the non-ideal backhaul.

Proposal 5: The target scenario for new L1 on/off procedure to reduce transition time should be Scenario 2a with non-ideal backhaul where small cell performing on/off can be the PSCell of SeNB.

[image: image2.emf]f

1

f

2

f

2

f

1

MeNB

SeNB

DC-capable 

UE

Non-ideal backhal


Figure 2: Dual connectivity (DC) based small cell on-off scenario
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Figure 3: Small cell on/off with SeNB addition and release procedure 

Table 1: Latency for dual connectivity procedure – SeNB addition/release procedure
	Cases
	Latency components
	Total latency

	Switch on new SeNB / existing SeNB
	Network coordination time (inter-eNB) + RRC message processing time + (RF preparation time+synchronization) + UL initiated RACH procedure 
	50 + 15 + 18 + 14.5 =97.5ms

	Switch off SeNB
	Network coordination time (inter-eNB) + RRC message processing time
	50 +15=65ms


An effective way to remove the backhaul delay from the transition latency is to enable the small cell to indicate the UE directly about the on/off state of the cell. Since DRS is the only signal transmitted by an OFF cell, it seems best that the on/off states of a cell is indicated by the discovery reference signal. As DRS processing is purely simple L1 processing, the delay between the DRS indicator and the first effective subframe can be 0ms, as shown in Figure 4. An example procedure of this approach is illustrated in Figure 5. Assuming DRS periodicity of 20ms, the transition time is given in Table 4. It is observed that OFF to ON transition takes 24.5ms and ON to OFF transition takes 10ms. As mentioned, the transition time depends on the DRS periodicity and can be as short as 17ms on average with 5ms periodicity. Clearly, there is a significant gain with the introduction of L1 signalling procedure in this case. Regarding the On/off transition trigger criteria, it is generally up to network implementation. On/off transition trigger based on traffic load shifting, load aggregation, UE arrival/association or packet arrival are all viable implementation choices.
Observation 1: L1 signalling should be sent from the cell performing on/off to avoid non-ideal backhaul latency.

Observation 2: L1 on/off procedure based on DRS indication with x-ms periodicity can reduce the on/off transition time in the dual connectivity scenario significantly from ~100ms to ~x/2 + 14.5 ms (e.g. with x = 20ms, the transition time is 24.5ms).

Observation 3: On/off transition trigger criteria is generally up to network implementation. On/off transition trigger based on traffic load shifting, load aggregation, UE arrival/association or packet arrival are all viable implementation choices.
Proposal 6: L1 on/off procedure based on DRS indication by the cell performing on/off should be adopted.
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Figure 4: L1 on/off procedure via DRS indication
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Figure 5: Small cell on/off with L1 on/off signalling procedure
Table 2: Latency for dual connectivity procedure – L1 procedure
	Cases
	Latency components
	Total latency

	Switch on new SeNB / existing SeNB
	Averaging waiting time for DRS + UL initiated RACH procedure
	10 + 14.5 = 24.5ms

	Switch off SeNB
	Averaging waiting time for DRS
	10ms


Another deployment scenario considered for new L1 on/off procedure is Scenario 2a with ideal backhaul where the small cell performing on/off can be set up as a SCell in a carrier aggregation operation. The PCell can the macro cell or another small cell. This is shown in Figure 6. SCell MAC CE activation/deactivation procedure can be used in this case to indicate SCell on/off states. The corresponding on/off transition time analysis is provided in Table 3. It is observed that L1 procedure can also provide latency reduction gain, albeit at lesser extent compared to that of the non-ideal backhaul scenario. For this scenario, L1 on/off signalling from another serving cell such as the PCell is also a viable option since the non-ideal backhaul latency is not relevant here. In this case, PDCCH on/off signalling from the PCell (e.g. using DCI format 1C) can be considered.
Observation 4: L1 on/off procedure based on DRS indication can also be applied for Scenario 2a with ideal backhaul where the cell performing on/off can be configured as a SCell. In this scenario, PDCCH on/off signalling from the PCell (e.g. using DCI format 1C) can also be considered.
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Figure 6: Carrier aggregation (CA) based small cell on-off scenario
Table 3: Latency for Rel-10 CA based procedure (ideal backhaul)
	Cases
	Latency components
	Total latency

	Switch on new SCell
	Network coordination time (intra-eNB) + RRC message processing time + MAC activation delay + UL initiated RACH procedure
	5 + 15 + 24 + 14.5 = 58.5ms

	Switch on existing SCell
	Network coordination time (intra-eNB) + MAC activation delay + UL initiated RACH procedure
	5 + 24 + 14.5 = 43.5ms

	Switch off SCell
	Network coordination time (intra-eNB) + MAC deactivation delay
	5 + 8 = 13ms


Finally, we note that transition time can be further reduced if the latency involved with the RACH procedure immediately after the small cell is ON can be reduced, e.g. by enabling additional PRACH transmission opportunity immediately after the small cell is ON. Performance can also be improved if CSI can be measured and reported by the UE by enabling additional CSI-RS measurement opportunity immediately after the small cell is ON.
4 Conclusions
In this contribution, we discussed the issue of small cell on/off procedure. Our proposals and observations are as follows: 

Proposal 1: Specification effort should focus on semi-static on/off (ON/OFF period of at least 10s of ms).

Proposal 2: There should be no restriction on the maximum ON or OFF time.

Proposal 3: In principle, the minimum ON time or the minimum OFF time depends on the on/off signalling method (e.g. 5ms may be possible for DRS based on/off signalling). However, system operation, UE implementation and the signalling method specified should be optimized to support a minimum ON or OFF time of at least 10s of ms.

Proposal 4: Regardless of the means to indicate on/off,  assumptions of CSI availability, TA availability, DRX status, PDCCH/EPDCCH reception during the ON and OFF period is no different than that for Rel-10/11 activated and deactivated SCell, respectively. UE can measure and generate RRM measurement results for an OFF cell from DRS. However, the UE can only report measurement results to an ON serving cell.
Proposal 5: The target scenario for new L1 on/off procedure to reduce transition time should be Scenario 2a with non-ideal backhaul where small cell performing on/off can be the PSCell of SeNB.

Observation 1: L1 signalling should be sent from the cell performing on/off to avoid non-ideal backhaul latency.

Observation 2: L1 on/off procedure based on DRS indication with x-ms periodicity can reduce the on/off transition time in the dual connectivity scenario significantly from ~100ms to ~x/2 + 14.5 ms (e.g. with x = 20ms, the transition time is 24.5ms).

Observation 3: On/off transition trigger criteria is generally up to network implementation. On/off transition trigger based on traffic load shifting, load aggregation, UE arrival/association or packet arrival are all viable implementation choices.
Proposal 6: L1 on/off procedure based on DRS indication by the cell performing on/off should be adopted.

Observation 4: L1 on/off procedure based on DRS indication can also be applied for Scenario 2a with ideal backhaul where the cell performing on/off can be configured as a SCell. In this scenario, PDCCH on/off signalling from the PCell (e.g. using DCI format 1C) can also be considered.
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