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Discussion and Decision
1      Introduction
In RAN2#85 meeting, RAN2 received RAN1 LS on the agreements of small cell on/off and discovery [1]. In this contribution, we discuss the RAN2 aspects, e.g. DRS (Discovery Reference Signal) measurement.
2      Discussion
2.1     DRS measurement
Currently there is no stage-2 description for small cell on/off discovery. RAN1 LS [1] indicates the following related to DRS: 
	Agreements:

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
· For RRM measurements, support DRS-based RSRQ-like measurements

Open issues:
· 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)

· 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


It should be noted that RAN1 does not make concrete decisions on DRS yet, as shown in part of RAN1 LS [1] below.
	· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:
· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals


Since RAN1 has not selected which signal to use for DRS and corresponding characteristics (e.g. periodicity) are not decided, it might be premature to discuss details on DRS measurement aspects (e.g. the events for DRS) in RAN2. However, it is helpful for RAN2 to provide opinions on open issues in DRS.
One open issue is whether DRS can be transmitted when cell is on i.e. whether DRS is transmitted regardless of small cell on/off status. The answer to this question depends on how frequently a small cell can be turned on and off. There are quite diverse views in RAN1 on this topic. In TR 36.872 [2], there are evaluation results for both semi-static on/off and dynamic on-off (where small cells can be turned on/off subframe by subframe). 
Currently for intra-frequency measurement, UE performs several physical layer measurements within 200 ms period. For inter-frequency measurement with measurement gaps, UE can perform measurements once every 40 or 80 ms depending on measurement gap configuration. 
If small cell is turned on and off very frequently, e.g. in the order of hundreds of milliseconds or shorter, it is preferable that DRS is always transmitted from measurement perspective. If DRS is only transmitted when the cell is off, UE needs to know when DRS is on and off and only performs measurements when DRS is transmitted. Such operation may increase UE complexity and power consumption significantly. Currently, RAN1 has not decided how UE can know whether small cell is on/off. 
We briefly discuss two options here by using the example scenario in Figure 1. In the example, UE is connected to macro eNB and measures an on-off small cell.
· In the case not all carriers in the small cell eNB are turned off, small cell on/off information can be provided in one of the designated carrier (f2 as shown in Figure 1) of the SeNB which are not turned off (e.g. DCI format 1C as proposed in [6]). UE needs to perform additional processing (e.g. PDCCH decoding) to acquire the small cell on/off information on f2. Such additional processing is typically not performed in the current RRM measurements and may increase UE complexity and power consumption. Another challenge in inter-frequency measurement is that the UE might not be able to acquire such information if the timing of small cell on/off information and measurement gap are not aligned. Yet another issue is that this requires UE to process additional frequency (e.g. f2 in Figure 1) other than the frequency to be measured (e.g. f3 in in Figure 1).
· Small cell on/off information is provided in the serving cells, i.e. at the macro eNB. However such information might not be up to date due to X2 interface latency, therefore the measurement accuracy for DRS in small cell might be impacted. In addition, transmitting such dynamically changing information in the serving cell increases signaling overhead and UE power consumption (compared with normal RRM measurement).
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Figure 1: Example scenario for DRS measurement
In summary, if DRS is only transmitted when small cell is off and small cell is turned on and off very frequently, there are significant UE complexity and power consumption impacts for DRS RRM measurements. 
Proposal 1: if small cell is turned on and off very frequently, e.g. in the order of hundreds of milliseconds or shorter, it is preferable that DRS is always transmitted.
If Proposal 1 is agreed, it is proposed to indicate it to RAN1 since RAN1 will decide DRS operation. 
2.2     Procedures related to small cell on/off
In TR 36.872 [2], RAN1 observed that user throughput gain from small cell on/off can be achieved when small cell on/off transition time is small (e.g. below 100 ms for carrier aggregation scenario)). In RAN1 contributions (e.g. [5]

 REF Ref_NSNProc \h 
[8] 

 REF Ref_ALU \h 
[10]), there are discussion on how to reduce such transition time for procedures like handover, CA activation/deactivation and dual connectivity. Since there is no indication in RAN1 LS [1] on what is the target transition time, we only provide analysis on the transition that can be achieved with existing mechanisms.
In the analysis below, we assume following delay components (we do not consider the eNB processing delay e.g. the time eNB takes for admission control).
· TX2: one way X2 interface delay.

· TRRC: RRC reconfiguration delay, i.e. the time required for eNB to send RRCConnectionReconfiguration and UE reception of the message.

· TRACH: Random access procedure delay.
· TComplete: the time UE takes to transmit RRCConnectionReconfigurationComplete
We use the values in TR 36.839 [4] to set the typical values for TX2, TRRC, and TRACH. TR 36.839 assumes that handover preparation time is 50 ms and handover execution time is 40 ms. Refer to Figure 2, we have 2 * TX2 = 50 ms, and TRRC + TRACH + TComplete=40ms. We have TX2 = 25 ms. For the components of handover execution, we assign following values: TRRC=15 ms, TRACH=10 ms, and TComplete=15 ms.
2.2.1
Turn off a small cell
The main reason to turn off a small cell is that there is little or no data traffic to be served in that cell.
Case 1: At least one cell active in small cell eNB

Here we assume the small cell eNB has multiple frequencies. For CA capable and dual connectivity UEs, it is straightforward to first deactivate the cell, and then turn it off. The transition time in this case is 24 ms for SCell deactivation. If there are non-CA capable UEs in the cell or if the cell is the PCell for some CA capable UEs, intra-eNB handover has to be performed. With intra-eNB handover, there is no X2 interface delay, and the transition time is mainly transmitting RRCConnectonReconfiguration message (step 7) as in handover procedure shown in Figure 2. If we exclude random access procedure and sending RRCConnectionReconfigurationComplete message in the handover execution time, the transition time is TRRC.
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Figure 2: Handover procedure [3] 
Case 2: All cells in small cell eNB are turned off
If all the serving cells in small cell eNB are turned off, there are two cases:

· Inter-eNB HO: in this case, the small cell to be turned off includes the primary serving cell (i.e. non-CA or non-dual connectivity UEs are connected to the small cell). X2 interface delay may dominate the transition time. The transition time is 2 * TX2 + TRRC if we do not consider random access procedure and sending RRCConnectionReconfigurationComplete message. However, the exact value depends on network deployment.
· Dual connectivity: SeNB initiated SCG release procedure is needed in this case. Similar to inter-eNB HO, X2 interface delay may dominate the transition time. However in this case, there is only one way X2 interface delay instead of X2 interface round trip delay since the message from MeNB to SeNB is not needed. The transition time is TX2 + TRRC in this case. Note that RAN2 is still discussing SCG release procedure 
2.2.2
Turn on a small cell

Case 1: At least one cell active in small cell eNB
In this case, the analysis of section 2.2.1 (turn off a small cell) applies. The transition time for CA and dual connectivity is 24 ms for SCell activation. If non-CA capable UEs are connected to the active (on) cell in small cell eNB, then the transition time is TRRC if the UE is handovered for load balancing purposes. If non-CA capable UEs are connected to other cells not belonging to the concerned eNB, the analysis in Case 2 applies.
Case 2: All cells in small cell eNB are turned off
In this case, either inter-eNB HO is needed or SCG Addition is required for dual connectivity UEs. In case of inter-eNB HO, the transition time for inter-eNB HO is 2 * TX2 + TRRC + TRACH +TComplete. In case of SCG Addition, the procedure agreed in RAN2 is shown in Figure 3. Similar to analysis for SCG release, X2 interface delay may dominate the transition time. Transition time is similar to that of inter-eNB HO, i.e. 2 * TX2 + TRRC + TRACH +TComplete.
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Figure 3: SCG Addition procedure [11]
Below is a summary of the transition time analysis.

Table 1: Transition time analysis
	Scenario
	On ( Off
	Off ( On

	At least one cell active in small cell eNB
	CA and dual connectivity (SCell deactivation/activation)
	24 ms 

	
	Intra-eNB handover
	TRRC (around 15 ms depending on deployment)

	All cells in small cell eNB are turned off
	Inter-eNB HO
	2 * TX2 + TRRC (around 65 ms depending on deployment)
	2 * TX2 + TRRC + TRACH +TComplete (around 90 ms depending on deployment)

	
	Dual connectivity (SCG release/addition)
	TX2 + TRRC (around 40 ms depending on deployment) 
	


Proposal 2: RAN2 to discuss transition time analysis for small cell on/off.
3      Conclusion
In this contribution, we discuss RAN2 aspects on small cell on/off and discovery and proposal the following:
Proposal 1: if small cell is turned on and off very frequently, e.g. in the order of hundreds of milliseconds or shorter, it is preferable that DRS is always transmitted.
Proposal 2: RAN2 to discuss transition time analysis for small cell on/off.
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