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1 Introduction
The purpose of this document is to provide a summary of the proposed schemes in RAN1#77 meeting for small cell on/off transition time reduction on an activated SCell. This document will be a basis for the email discussion [77-08] on the RAN1 reflector. This document can be act as a guideline for the RAN1#78 meeting. The following aspects related to the small cell on/off proposals summarized in this document have already been agreed to in RAN1#77.

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
2 Summary of proposals

At a high level, the following approaches for ON/OFF indication are considered in the proposed solutions:

· ON/OFF based on L1 signalling

· Subframe level ON/OFF

· Multiple subframe (frame, half frame, etc.) level ON/OFF
· ON/OFF based on CA activation/deactivation signalling
The maximum offered off-to-on transition time for these approaches is given in Table 1. OFF-to-ON transition time is the delay between the subframe when data is available at the eNB MAC buffer, and the subframe where eNB can schedule the UE on the SCell.
Table 1  The OFF-to-ON transition time for different ON/OFF indication approaches
	ON/OFF indication approach
	OFF-to-ON transition time

	ON/OFF based on L1 signalling - Subframe level ON/OFF
	0ms (assuming the Scell is activated for the UE for all data packets arriving at the eNB MAC buffer)
· Note that 0ms may mean less than 1 ms transition time, for example, of the level of 1 or 2 OFDM symbols.

	ON/OFF based on L1 signalling – Multiple subframe level ON/OFF
	Maximum (Tp + Td) ms (assuming the Scell is activated for the UE for all data packets arriving at the eNB MAC buffer)
· Tp: Periodicity of indication, in order of e.g. 5ms, 10ms for DCI message based indication and in order of e.g. 20ms for DRS based indication

· Td: Indicator delay (delay from indication to OFF)

	ON/OFF based on CA activation/deactivation signalling


	CA activation time: maximum 24 ms based on the current requirements (assuming the Scell is not activated for the UE for any data packet arriving at the eNB MAC buffer).
· Proposals for further reduction by T1 ms using L1 signalling for activation/deactivation command (T1=4ms).
· Proposals for further reduction by T2 ms by modifying RAN4 requirements.
· Proposals for further reduction by T3 ms by excluding CQI reporting delay (T3=6ms).
· In practice, a UE may have shorter UE SCell activation delay than the UE SCell activation delay specified in the minimum requirements, i.e. before the timing in the minimum requirement but after N+8 (N is the subframe when the SCell activation command is received by UE). Both UE and network should be able to benefit from reduced SCell activation delay by the UE, following the current activated state operation defined in 36.321 [22].


In each section a short summary accompanied with tables defining the UE assumptions on the expected received signals from the serving SCell is provided including some questions. The intention with questions is to capture the aspects that are needed for a solution to work in practice in the context of ON/OFF for example in relation with fine time/frequency tracking and DRX procedure and UE power-saving. Please note that the expressed views on these questions for a particular approach do not necessarily imply supporting the considered approach.
2.1 On/Off based on L1 signalling

In this approach the L1 signalling is used for on/off indication.

2.1.1 Subframe level ON/OFF
The schemes in this section are based on a L1 indication. The serving SCell state perceived based on the indicator can be altered in any subframe. Hence the UE can change its ON or OFF assumption on a subframe level. In this manner the ON/OFF transition time is reduced to 0ms. Please note that DRX can be applied in conjunction with a subframe level approach as captured in [4]. The ON/OFF indication methods are categorized as below: 
On/off indication methods:
1. Based on cross-carrier scheduling (explicit E/PDCCH from PCell) [16]

 REF _Ref388579445 \r \h 
[17]

 REF _Ref388578847 \r \h 
[18]

 REF _Ref388578907 \r \h 
[3]

 REF _Ref388578603 \r \h 
[4][20]
2. Based on explicit DCI message to a group of UEs from PCell [15]
3. Based on self-scheduling (implicit E/PDCCH from SCell) [16]

 REF _Ref388578847 \r \h 
[18]

 REF _Ref388578781 \r \h 
[7]

 REF _Ref388578603 \r \h 
[4][19][20]
4. Based on CRS detection on SCell [19][21]
Moreover, the UE assumptions of the received signals from the serving SCell are summarized in Table 2.
Table 2 UE assumptions on the received signals from the serving SCell for any TMs for Subframe level ON/OFF based on L1 signalling

	Activated/ deactivated
	DRX status
	Expected signals and conditions

	Activated
	On period in DRX cycle

(Active time)

	In the subframe configured with DRS, UE assumes DRS.
In the subframe configured with CSI-RS:

· Q1: Which alternative can UE assume for the configured CSI-RS subframes during active time?

· (Alt 1) UE assumes CSI-RS

· (Alt 2) UE assumes CSI-RS and CRS
In the subframe scheduled by E/PDCCH, UE assume PDSCH and CRS.

In the other subframes:

· Q2: Which alternative can UE assume for other subframes than scheduled ones and/or those configured with DSR, CSI-RS during active time? 

· (Alt 1) no transmissions are assumed.
·  (Alt 2) no transmissions are assumed except in the subframes signalled to be ON by an indicator where the UE assumes CRS

	
	Off period in DRX cycle

(UE in DRX)
	In the subframe configured with DRS, UE assumes DRS.
In the subframe configured with CSI-RS:

· Q3: Which alternative can UE assume for the configured CSI-RS subframes during DRX?
· (Alt 1) UE assumes CSI-RS and CRS
·  (Alt 2) UE assumes CSI-RS
In the other subframes:

· Q4: Which alternative can UE assume for other subframes than those configured with DRS or CSI-RS during DRX?
· (Alt 1) no transmissions are assumed except in some subframes before On Duration configured by RRC where UE assumes CRS
· (Alt 2) no transmissions are assumed.

	Deactivated
	-
	In the subframe containing DRS, UE assumes DRS.
In the other subframes, no transmissions are assumed.


	Company
	Answer

	Samsung
	Q1: The question is not clear to us. Is the above question referring to the time when the cell is indicated OFF but is active time of the DRX cycle? If the cell is ON, then the answer is trivial (both CSI-RS and CRS should be present). Is the configured CSI-RS part of the DRS configuration or part of the conventional CSI-RS configuration? When a cell is OFF, only DRS should be present.

Q2: The question is again unclear to us. The question seems to consider the possibility of UE cannot assume any transmission even when the cell is indicated ON (implied by Alt1), which is puzzling to us. Our view is that if the cell is indicated ON, all legacy signals should be present, if the cell is OFF, only DRS is present. 

Q3: If the cell has been indicated to be ON, clearly Alt 1? Assuming the presence of CSI-RS and CRS for ON cells during DRX is the legacy behavior which we think we should keep.
Q4: Unclear to us what the assumption of the question is. If the cell is indicated ON, all legacy signals should be present. Neither Alt 1 nor Alt 2 is applicable.

[Ericsson]: Clarification for the questions regarding the subframe level ON/OFF: It is recommended to adopt a different mind-set for this category as compared to the multi-subframe level ON/OFF in the sense that in this case instead of making assumptions on the received signal based on the indicator as it is the common case for the multi-subframe level ON/OFF, the assumptions on the received signals eventually indicate if a subframe is ON or OFF depending if any signal is transmitted or not respectively. 

	Hitachi
	 Q1: Alt 2 – UE assumes presence of both CRS and CSI-RS.

Q2: Alt 2 since indicator is absent.

Q3: Alt 1 as per existing behaviour.

Q4: No strong preference.


2.1.2 Multiple subframe level ON/OFF 

The schemes in this section are generally based on a periodic indicator to inform the UE about the ON and/or OFF state of the serving SCell. The indicated state is valid for the corresponding period and cannot be altered until the next occurrence of the indicator. Please note that these solutions are referred here to as Multiple subframe level ON/OFF for convenience, since, depending on the periodicity of the indicator they could be e.g. half frame level, frame level, double frames level ON/OFF for indicator periodicity of 5ms, 10ms and 20ms, respectively. 
The ON/OFF indication methods are categorized as below: 

On/off indication methods:

1. Periodic explicit signalling for ON/OFF indication based on broadcast DCI message to a (multiple) group(s) of UEs  [5][6]

 REF _Ref388579012 \r \h 
 \* MERGEFORMAT [8][10][12]
2. Periodic explicit signalling for ON/OFF indication based on DRS [11][17]
3. Periodic implicit signalling for ON indication based on E/PDCCH or CRS detection, OFF indication determined by the absence of the indicator [7][12][9]
4. Periodic explicit signalling for ON indication based on broadcast DCI message, aperiodic implicit signalling for OFF indication[13] 
5. Periodic explicit signalling for ON/OFF indication based on configured DTX pattern and broadcast DCI message [14] 
Moreover, the UE assumptions of the received signals from the serving SCell are summarized in Table 3 where the following definitions are used:

· X denotes the number of consecutive subframes associated with the indicator, e.g. X=5,8,10,20

· Tp denotes the periodicity of the indicator, e.g. Tp=5,10,20
· Td denotes the delay in ms between the indicator and its corresponding first subframe on the SCell, e.g. Td=0, 4
Some questions to consider for this category of methods are the following:
Q1: Should the indicator contain the information about which subframes are ON within the upcoming ON period or not?
· (Alt 1) X≤Tp given by additional information in the indicator 
· (Alt 2) X=Tp
Q2: What should be the delay between the indicator and its corresponding first subframe on the serving SCell?
· (Alt 1) Td = 0 ms
· (Alt 2) Td = 1-2 ms
· (Alt 3) Td = 4 ms
Q3: What are the assumptions on the occurrence of the indicator during active time?

· (Alt 1) UE assume the indicator only occurs during the on Duration.

· (Alt 1-a) The on Duration of all UEs is aligned (i.e. per cell DRX configuration).

· (Alt 1-b) The on Duration of all UEs can be non-aligned (per UE DRX configuration).
· (Alt 2) UE assumes the indicator can occur when it is in DRX.

Q4: What are the assumptions on the occurrence of the indicator during DRX?

· (Alt 1) UE monitors the indicator when the UE is in DRX.

· (Alt 2) UE is not mandated to monitor the indicator when the UE is in DRX.
Table 3 UE assumptions on the received signals from the serving SCell for any TMs for Multiple subframe level ON/OFF based on L1 signalling
	Activated/ deactivated
	DRX status
	Expected signals and conditions

	Activated
	On period in DRX cycle 

(Active time)

	In the subframe configured with DRS, UE assumes DRS. 

In addition:
· In the ON X consecutive subframes during active time, UE assumes:

· CSI-RS in configured CSI-RS subframes

· CRS

· PDSCH and CRS in the scheduled subframe.
· In the OFF X consecutive subframes during active time UE assumes
· Q5: Which alternative can UE assume for OFF X consecutive subframes during active time?
· (Alt 1) nothing other than DRS in the subframe configured with DRS is transmitted.

· (Alt 2) CSI-RS is transmitted in configured CSI-RS subframes and nothing other than DRS is transmitted otherwise.


	
	Off period in DRX cycle
(UE in DRX)
	In the subframe configured with DRS, UE assumes DRS. 

In other subframes
· Q6: Which alternative can UE assume for subframes during DRX?
· (Alt 1) The UE assumes that CSI-RS may not be present. 

· (Alt 2) The UE assumes that the CSI-RS is present in configured CSI-RS subframes


	Deactivated
	-
	In the subframe configured with DRS, UE assumes DRS. 

In the other subframes, nothing is transmitted.


	Company
	Answer

	Samsung
	Q1: No. We assume Alt 2 means no. It is not clear how the network can predict accurately the ON period.
Q2: Alt depends on the actual indicator solution. We think it is not the deciding factor in choosing the solution to be adopted since additional delay of 0 or 4ms does not matter in terms of performance.
Q3: Alt again depends on solution. Our view is that DRX cycle should operate during the ON period but when the cell is OFF, DRX cycle is not relevant (similar to deactivated SCell). Assuming the cell is ON, UE should assume indictor can occur during active time.
Q4: Alt again depends on solution. For DCI based solution, UE clearly cannot monitor indicator without violating the principle of DRX. However, it is beneficial to require the UE to monitor indicator even in DRX subframe to reduce ON-to-OFF transition time and DRS based indicator can achieve this.

Q5: DRX cycle (hence active time) is not relevant when the cell is OFF. When the cell is OFF, only DRS should be transmitted. It is unclear in this question whether “configured CSI-RS subframes” refers to DRS subframe.
Q6: Same response as Q5.

	
	


2.2 ON/OFF based on CA activation deactivation signalling
This approach is based on using the existing CA activation/deactivation procedure with the potential of further reducing the activation/deactivation time by using physical layer signalling and/or revisiting the RAN4 requirements [1]

 REF _Ref388578585 \r \h 
[2]

 REF _Ref388578907 \r \h 
[3]. 

The following questions could be addressed in the discussion regarding this category of on/off mechanisms:

Q1: How much reduction in transition time is expected by using L1 signalling?

Q2: What specific RAN4 requirements need to be changed and how much reduction in transition time is expected?

Q3: Is it beneficial to introduce an activation/deactivation command applying to a group of UEs?

Q4: Is it beneficial to align DRX cycles of a group of UEs?
Table 4: UE assumptions on the received signals from the serving SCell for any TMs based transmission for ON/OFF based on CA activation/deactivation

	Activated/ deactivated
	DRX status
	Expected signals and conditions

	Activated
	On period in DRX cycle 

(Active time)
	Same assumptions as in Rel11

	
	Off period in DRX cycle

(UE in DRX)
	

	Deactivated
	-
	In the subframe configured with DRS, UE assumes DRS.

In subframes after receiving the activation command, UE assumes same signals transmitted as in Rel11.
In the other subframes, UE assumes nothing is transmitted.




	Company
	Answer

	Samsung
	Q1: Fundamentally, enhanced CA activation/deactivation by L1 signalling can be similar to multiple subframe level on/off, i.e. The reduction in transition time can be the same as multiple subframe level on/off.
Q2: MAC command processing delay of 6ms can be avoided with L1 signalling. RF preparation time of about 18ms for legacy activation can also be avoided or significant reduced if the RF state is assumed unchanged by the UE with L1 signalled activation/deactivation (as is the assumption for subframe level or multiple subframe level on/off).
Q3: Yes. From signalling overhead point of view, it is beneficial.
Q4: No, there is no need for such alignment as DRX cycle only takes effect when the cell is ON.

	
	


3 References
[1] R1-142695 NSN, Nokia, Broadcom, Motorola Mobility, NVIDIA
[2] R1-142042 Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[3] R1-142135 LG Electronics
[4] R1-142183 Panasonic
[5] R1-141956 Qualcomm
[6] R1-142344 InterDigital

[7] R1-142256 NTT DOCOMO
[8] R1-142529 ITL Inc.

[9] R1-141990 CATT
[10]  R1-142289 HTC
[11]  R1-142094 Samsung
[12]  R1-142298, MediaTek Inc
[13]  R1-142412 Coolpad
[14]  R1-142239 ZTE

[15]  R1-141918 Huawei, HiSilicon
[16]  R1-142690 Ericsson, NTT DOCOMO, Panasonic, Futsuji, LG Electronics
[17]  R1-142366 CATR
[18]  R1-142722 Ericsson
[19]  R1-142381 Ericsson
[20] R1-142026 Intel Corporation
[21] R1-142248 Hitachi
[22] R4-132023 LS on UE SCell activation delay in CA
RAN WG4
