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1
Introduction
Following agreements and conclusion were made in RAN1#76:

Agreements:
· 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
Agreement:
· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS

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

Other than the highlighted point mainly consider discovery signal and measurements which are treated under separate agenda item in this meeting. Related to the highlighted item there was email discussion on limiting the transition times and minimum On/Off period durations. The email discussion resulted in the following proposal that can be seen as a guideline for discussion for new On/Off related procedures.

Background:

         Shorter transition times for on/off are desirable as indicated by the results of the study item.

Proposal:

•       Proposed new L1 procedures for further transition time reduction for activated Scell operating small cell on/off should clarify the following aspects for both on and off states

–      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#76

•       Above aspects should be clarified also other than new L1 procedures for further transition time reduction for activated Scell operating. 

In this contribution we discuss the Small Cell On/Off feature and its usage in different scenarios, namely single carrier, carrier aggregation (CA) and dual connectivity (DuCo).
2
Discussion
Small Cell On/Off is a physical layer feature to enable to switch a transmission point on and off. The On/Off operation may be used in a single carrier mode, where UE is connected to one small cell or macro at a time, or in a multicarrier mode, where the small cell serves as an additional carrier via CA or additional connection via dual connectivity. When the cell is in off state it does not perform any downlink transmission other than discovery signal transmission. The On/Off feature is seen beneficial in terms of interference avoidance and coordination among small cells. In general, the achieved gains increase with shorter the transition times [1]. However, as the operation modes differ considerably from use case perspective, the single carrier, CA and DuCo based On/Off related transition times and possible reductions should be discussed separately, and the improvements should be compared to existing methods for that operation mode. For example, single carrier operation, the achievable transition times are much longer than what is achieved for CA based operation but the single carrier enables offloading UEs from macro layer to small cell layer which is not the case for CA and DuCo.
Observation 1: Achievable transition time reductions should be evaluated and compared to the existing methods specific for an operation mode of On/Off.
2.1
Single Carrier operation
As it was agreed in last RAN1 meeting that no new idle mode behaviour is going to be specified during Rel. 12 WI, the only way to access small cell layer with single connection is HO. Prior to HO, UE needs to measure the small cell layer. As discussed in [5]
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 \* MERGEFORMAT [7], UE may not need to be explicitly signalled the state of the cell it is measuring if the UE does not have a connection to that cell. It is enough to know the measurement timing, that is, the discovery pattern of cells to be measured. After HO, UE would need to perform intra and inter frequency measurements as it has single connection for a capacity layer. Typically, intra frequency measurements would be more important than inter frequency measurements for mobility. However, now the layer the UE has the only connection to is performing ON/OFF which might imply that measurements would be done only or at least during burst durations, the quality of the measurements needs to be considered and it would also need to be considered if in this case the interfrequency measurements need to be prioritized. Further, a longer DRX cycle may cause the problem for intra-frequency measurement.

When cell is in off state, it may not have UEs in active connected mode. Before turning off, the cell may initiate HO for a UE, or the UE may stay in connected mode but in DRX in the off cell. The UE is then DRXed with the same periodicity than the discovery of the cell. Other option is to release the connection. The benefit of DRXing the UEs is that it enables faster serving from that small cell when there is a need. For example, if the connection is released for a UE it might be able to connect the small cell layer only after first establishing a connection to macro cell and then via handover back to small cell layer. Wherever if connection is released then for DL initiated connection UE needs to wait for: Paging Cycle length + time to do connection setup on macro + measurements and reporting to macro + HO preparation + then the HO time that UE takes. For UL initiated connection UE needs to wait for: Time to do connection setup on macro + measurements and reporting to macro + HO preparation + then the HO time that UE takes. On contrary, if UE is in DRX when cell is in DTX, aborting DRX may take in worst case up to the DRX cycle length. Clearly, aborting DRX is much faster than connection release and HO via macro [2][3]. 
Observation 2: Starting normal operation in the ON/OFF cell is faster if the connection is not released and instead the UE is kept in connected mode DRX.
As discussed in [4], the discovery burst should enable UE to perform AGC which would be enough also for the DTX/DRX operation. Similarly, the off-to-on transition should be enough long to allow the necessary preparations needed to be able to detect PDCCH when the cell is on and scheduling for the UE. The needed preparations depend on the OFF duration but even relatively short OFF duration might imply a fixed length off-to-on transition. Then, longer OFF durations might need longer off-to-on transitions.
Observation 3: The necessary preparations needed from UE side need to be taken into account both for measurements on discovery burst and in off-to-on transitions
2.2
Carrier Aggregation
In carrier aggregation, at least the kind of common SCells that are not serving as PCells for any UE, could perform On/Off transitions. While activation/deactivation of the SCell is done per UE, the switch on-to-off and off-to-on of the SCell is done per cell basis. When the SCell is in deactivated state for the UE, it can be activated by sending an activation command in MAC Control Element from the PCell to the UE [4]. When the SCell is deactivated, the UE does not need to receive the corresponding PDCCH or PDSCH, it cannot transmit in the corresponding uplink, nor is it required to perform CQI measurements. However, the UE shall be able to identify a new detectable FDD or TDD cells on the secondary component carrier and perform RRM measurements for the identified cells [2]. Thus, when switching off the SCell that is in deactivated state for some UEs, it needs to be considered what are the implications on the existing RRM measurement requirements. UE would need to measure all possible SCells with the assumptions that those may be off and transmitting discovery instead of legacy RS. The problem is similar to single carrier operation with DTX cells and the related measurements are discussed in the accompany contributions [5][6]. In general, the SCell activation/deactivation based ON/OFF should work as legacy CA and only open issue is the measurements from discovery. 
Observation 4: Open issue for SCell activation/deactivation based ON/OFF is the carrier search and measurements of other SCells possibly sending discovery signal.

The new L1 procedure, if specified, needs some further discussion as the ON/OFF is proposed for activated SCell. Key point is that there should be common understanding between the UE and SCell on when the SCell is ON and when OFF and for how long these states can be assumed to last, especially the OFF state. Normally, if a carrier is not serving the UE, i.e., there is not enough data, the carrier is deactivated after a timer [4]. However, now that the carrier may turn OFF while activated, there is a risk that network is doing efficient power saving while UE needs to stay active and track for possible DL transmission. Power savings should be enabled also for the UE if the fast ON/OFF is applied. As the longer inactivity periods enable better power savings, the new L1 procedure should be used only for very short OFF periods and if the OFF period is longer the carrier should be deactivated.
Proposal 1: Power savings should be enabled also for the UE if the fast ON/OFF is applied.

Proposal 2: The new L1 procedure should be used only for very short OFF periods and if the OFF period is longer the carrier should be deactivated.
From the UE implementation perspective, the off-to-on transition should be enough long to allow the necessary preparations needed to be able to detect PDCCH when the cell is on and scheduling for the UE. The needed preparations depend on the OFF duration but even relatively short OFF duration might imply a fixed length off-to-on transition. Then, longer OFF durations might need longer off-to-on transitions. Most importantly, system level gains of the fast ON/OFF for activated SCell needs to be shown over activated/deactivated SCell which already enables relatively fast ON/OFF to justify the efforts needed for the new L1 procedure.   
Observation 5: New L1 procedure requires further study on standardization impacts as well as practical impacts especially from UE side.
Proposal 3: System level gains and UE side power saving gains from the fast ON/OFF for activated SCell needs to be shown over activation/deactivation of the SCell to justify the efforts needed for the new L1 procedure. 
In the Table 1, system level performance of two fast ON/OFF schemes is compared against baseline (no DTX) and ON/OFF with comparable delays as with activated/deactivated SCell at 40 Mbps offered load per MCA with FTP Model 1. ON/OFF is call arrival based on small cell layer and OFF to ON delay is taken into account in UTP as well as interference caused by legacy RS transmission during the transition times. Note that in CA, PCell would be able to start scheduling packets to UE immediately thus there would not actually be such delay in call starting time as modelled here. The delays selected in these simulations are as mentioned in [8], where the delay pair (18,8)ms refers to activated/deactivated CA where latest CSI is not a requirement, (7,4)ms to a scheme where UE is signalled the ON and OFF states of the carrier and finally (2,2)ms to the proposed operation, where UE would need to autonomously detect the ON/OFF state of the connection/carrier. See Appendix A for further details on used simulation assumptions.  
Table 1 Results comparing ON/OFF schemes with different transition times.
	Scheme
	Baseline
	ON/OFF

(18,8)ms
	ON/OFF

(2,2)ms
	ON/OFF

(4,7)ms

	Pico association ratio
	0.71
	0.87
	0.87
	0.87

	Average RU / macro
	0.61
	0.26
	0.26
	0.26

	Average RU /  pico
	0.14
	0.13
	0.14
	0.13

	Peak (95% CDF) Mbps/User  
	38.8
	43.0
	47.1
	47.1

	Average user throughput Mbps/User  
	21.7
	26.8


	28.4
	28.2

	Gain  over no ON/OFF
	-
	23.5%
	 30.8%
	30.5%

	Gain  over act/deact CA
	-
	-
	6.0%
	5.2%

	Coverage (5% CDF) Mbps/User  
	8.10
	10.57
	10.81
	10.61

	Gain  over no ON/OFF
	-
	30.5%
	33.5%
	31.0%

	Gain  over act/deact CA
	-
	-
	2.3%
	0.4%


Based on the above simulation results the gains in UPT for the fast ON/OFF over the activation/deactivation of the SCell are modest and thus seem not to justify especially the scheme where UE needs to detect the state of the connection. The packet size in these evaluations was 0.5 Mbytes. The length of the transition times compared to call duration has an effect such that with very short packets with very short OFF durations to do ONOFF between each short packet may not be that efficient operation. However, if the packet are indeed very short, why not to schedule those packets with Pcell as in CA the scheduler is centralized for PCell and SCell. In PCell connection also CSI is readily available, which is especially relevant for short calls.
Observation 6: The system level gains seen here show that major part of fast ONOFF gain is achieved with existing operation of activation/dectactivation based CA.

2.3
Dual Connectivity
In dual connectivity, the special cell in SCG would always be active. Supporting ON/OFF operation on the special cell would mean coordination over non ideal backhaul and slow transition between ON/OFF state. The ON/OFF operation through addition/release of SCG does not seem to be very feasible option. However, as discussed in [7], it would be possible to support slow or semi static ON/OFF indication for special cell via RRC configuration if RAN2 finds feasible supporting ON/OFF of the special cell. 
Observation 7: If it is found feasible to support ON/OFF of the special cell that could be performed by RRC and controlled by MeNB.
Open issue for RAN1 is whether a serving cell on SCG (not the special cell) go to OFF state while it is an activated cell for an UE and how the ON/OFF state can be indicated to the UE. This is very similar discussion as for ON/OFF for activated SCell in case of CA except that it would be the special cell controlling additional carriers instead of Pcell as in CA. 
Observation 8: ON/OFF for activated SCG (except special cell) would have similar implications as ON/OFF for activated SCell in case of CA, except that it would be the special cell controlling additional carriers instead of Pcell as in CA. 
3
Conclusions
Our observations and conclusions for ON/OFF procedures are following:
Observation 1: Achievable transition time reductions should be evaluated and compared to the existing methods specific for an operation mode of On/Off.
Observation 2: Starting normal operation in the ON/OFF cell is faster if the connection is not released and instead the UE is kept in connected mode DRX.

Observation 3: The necessary preparations needed from UE side need to be taken into account both for measurements on discovery burst and in off-to-on transitions
Observation 4: Open issue for SCell activation/deactivation based ON/OFF is the carrier search and measurements of other SCells possibly sending discovery signal.

Proposal 1: Power savings should be enabled also for the UE if the fast ON/OFF is applied.

Proposal 2: The new L1 procedure should be used only for very short OFF periods and if the OFF period is longer the carrier should be deactivated.
Observation 5: New L1 procedure requires further study on standardization impacts as well as practical impacts especially from UE side.

Proposal 3: System level gains and UE side power saving gains from the fast ON/OFF for activated SCell needs to be shown over activation/deactivation of the SCell to justify the efforts needed for the new L1 procedure.  
Observation 6: The system level gains seen here show that major part of fast ONOFF gain is achieved with existing operation of activation/dectactivation based CA. 
Observation 7: If it is found feasible to support ON/OFF of the special cell that could be performed by RRC and controlled by MeNB.
Observation 8: ON/OFF for activated SCG (except special cell) would have similar implications as ON/OFF for activated SCell in case of CA, except that it would be the special cell controlling additional carriers instead of Pcell as in CA. 
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Appendix – System simulation assumptions

	Parameter
	Value

	Simulated SCE scenario
	2a, 1 cluster, 10 SCs / cluster

	Carrier frequency
	2.0 GHz for macro, 3.5 GHz for pico

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	UE feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-PF/FD-PF

	Traffic model
	FTP model 1, buffer size 0.5 Mbytes

	Offered load
	40 Mbps/MCA

	Cell selection method
	RSRQ

	RSRQ CRE between layers
	0 

	RS overhead
	CRS: 2 CRS Rel´8 legacy overhead
DM-RS: 12RE/PRB 
CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel modelling
	Only overhead (3 OFDM symbols) modeled

	HARQ
	Max 4 retransmission, chase combining

	Cell DTX
	Baseline: Disabled (CRS transmitted from all cells), fast ON/OFF : Enabled (CRS transmitted only from active cells)

	Discovery signal
	CRS for 6 ms with periodicity of 80 ms


