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1. Introduction

In 3GPP RAN1 Session #77, discussion on candidate new L1 procedures for Scell fast on/off operation continues but no consensus is achieved except the following agreement.
Agreement:
· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement 
Due to limited discussion time for Release 12 in 3GPP RAN1, there is discussion in 3GPP RAN Plenary Session #64 and the following proposals in [1] are agreed.

· Spend no more than 1 TU in RAN1#78 to discuss this open issue:

· “Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time”

· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints

In this paper, candidate L1 procedures are proposed for Scell and views on how to proceed are provided.  For convenience, the state of “off” of a small cell means the state with no DL transmission except the transmission of discovery reference signal throughput this paper.


2. Discussion
According to the discussion in 3GPP RAN1 Session #77 and the email discussion after the meeting, proposals for small cell on/off transition time reduction are summarized as follows.  Our views on each alternative are provided in the following subsections.
Alt. #1: ON/OFF based on new L1 procedure
· Alt. #1a: Subframe-level ON/OFF

· Alt. #1b: Multiple subframe level ON/OFF
Alt. #2: ON/OFF based on CA activation/deactivation procedure
· Alt. #2a: Enhanced CA activation/deactivation signalling
· Alt. #2b: Enhanced CA activation/deactivation transition time

2.1 ON/OFF based on new L1 procedure
Subframe-level ON/OFF:

Though subframe-level ON/OFF can provide the largest user packet throughput (UPT) gain, from UE perspective, there are two major concerns to support it in Release 12.  The first concern is related to UE’s time/frequency tracking.  Time/frequency tracking is necessary for a UE to further fine-tune its time/frequency to be synchronized with its serving eNB before the decoding of E/PDCCH and PDSCH.  Though PSS/SSS can facilitate UE synchronization functionality, it occupies 6 PRBs (1.4MHz) only and can’t provide sufficient time/frequency accuracy for E/PDCCH and PDSCH decoding.  For existing UEs, wideband CRS is usually utilized for time/frequency tracking to achieve finer synchronization.  As illustrated in Figure 1, it takes about 5~8 ms for a UE to complete RF tuning, AGC and time/frequency tracking before it gets ready for E/PDCCH and PDSCH decoding, assuming UE’s RF is once synchronized with DRS 40, 80 or 160 ms ago.  Subframe-level ON/OFF will seriously impact the functionality of time/frequency tracking and may degrade the decoding performance of E/PDCCH and PDSCH due to the sparseness of CRS.
The second concern is related to UE power efficiency.  As illustrated in Figure 2, there are no benefits on UE power efficiency if subframe-level ON/OFF is supported.  It is expected that UE can turn off its RF and/or baseband for power saving when there is no transmission from its serving cell(s).  However, due to the limitation of UE receiver, UE may have to always turn on both RF and baseband to be ready for possible data transmission no matter whether there is transmission from its serving cell(s) and the UE power efficiency could be similar to that in Release 11.
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Figure 1.  Timeline of UE receiver status in small cell fast on/off operation
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Figure 2.  Timeline of UE receiver status in subframe-level on/off operation
Multiple subframe level ON/OFF:
Though the UPT gain provided by multiple subframe level ON/OFF is smaller, compared to subframe-level ON/OFF, it still can provide significant UPT gain, compared to legacy system.  As illustrated in Figure 2, the UE receiver status is already similar to multiple subframe level ON/OFF.  In addition, considering multiple UEs served by a small cell eNB, the traffic pattern observed at eNB is similar to multiple subframe level ON/OFF.  Therefore, we don’t see a good reason to support subframe-level ON/OFF in Release 12.  Multiple subframe level ON/OFF can also facilitate UE power saving when there is no transmission from the serving cell(s).
To enable time/frequency tracking prior to data reception, explicit signaling for ON/OFF status of serving cell(s) can provide timing information regarding to when UE can assume CRS transmission.  UE-group-specific L1 signaling can  provide the best trade-off between UE power efficiency and signaling overhead.  As soon as UE receives the signaling, it can start time/frequency tracking by CRS to get ready for data reception within the transition time of X ms (X is to be decided by RAN4).  The L1 signaling can be signaled to a UE on either Pcell or an activated Scell to enable load balancing of L1 signaling overhead between Pcell and Scell.  For UE power saving, L1 signaling on an activated Scell can be configured to be present on a set of subframes only, instead of every subframe.
Proposal #1:  If there is consensus on ON/OFF based on new L1 procedure, multiple subframe level ON/OFF with the following specification impacts is supported for small cell on/off operation in Release 12.
· UE-group-specific L1 signaling on either Pcell or an activated Scell
· Transition time for a UE to be ready for data reception after receiving L1 signaling (to be decided by RAN4)
· UE assumption/behavior in ON and OFF subframes on an activated Scell

2.2 ON/OFF based on CA activation/deactivation procedure

According to the discussion of CA activation/deactivation transition time, there are two components for the transition time – 1) MAC signaling parsing and application; 2) RF synchronization and AGC.  Therefore, there are two possible methods to reduce ON/OFF transition time based on CA activation/deactivation procedure.
Enhanced CA activation/deactivation signaling:
Current CA activation/deactivation transition time requires 24 ms for UE RF warm-start case and 34 ms for UE RF cold-start case.  It requires at least 5 ms for MAC signaling parsing and application.  If CA activation/deactivation signaling is enhanced to be L1 signaling, at least 5 ms reduction for transition time can be expected.  Due to the introduction of DRS, UE is required to conduct RRM measurement based on it periodically (e.g. every 40, 80 or 160 ms) and the transition time for RF synchronization and AGC could be further reduced.  Combining these two facts, it’s possible to reduce CA activation/deactivation transition time to 10 ms or less.  However, it would require RAN1/2/4 specification impacts.
Enhanced CA activation/deactivation transition time:

Since the specification impacts of enhanced CA activation/deactivation signaling may be larger than ON/OFF based on new L1 procedure with limited UPT gain, it is not preferable to support small cell ON/OFF operation in Release 12. Another candidate solution would be based on enhanced CA activation/deactivation transition time only.  A small cell can turn off its transmission except DRS when all served UEs are deactivated.  For this solution, it only requires RAN4 works to reduce CA activation/deactivation transition time and RAN1/2 works to evaluate whether UE assumption/behavior on a deactivated Scell should be modified based on DRS existence.  However, it can only reduce CA activation/deactivation transition time to 15 ms or less and thus provides least UPT gain, compared to another three alternatives.
Proposal #2:  If there is no consensus on ON/OFF based on new L1 procedure, enhanced CA activation/deactivation transition time with the following specification impacts is supported for small cell on/off operation in Release 12.
· UE assumption/behavior in ON (activated) and OFF (deactivated) period on a Scell
· Transition time reduction for CA activation/deactivation based on DRS (e.g. 15 ms or less)
2.3 UE behavior in DRX mode
If new L1 procedure for small cell on/off operation is supported in Release 12, there will be three levels of UE behaviors to be defined – 1) DRX mode; 2) CA activation/deactivation; 3) L1 ON/OFF.  Since DRX mode is RRC-layer operation and CA activation/deactivation is MAC-layer operation, the time length of state change can be ordered as Active/DRX > CA activation/deactivation > L1 ON/OFF and the proposed UE assumption in different states, considering three operations, is shown in Table 1.  Since there is CSI-RS in DRS and the considered UE mobility is low, UE can perform CSI measurement/reporting based on it for the first transmission after “OFF” subframes without significant performance loss.  There is no need for a UE to assume CSI-RS transmission during “OFF” subframes unless significant performance gain can be observed.
Table 1. UE assumption for the transmission of DRS, CSI-RS and other signals if L1 ON/OFF is introduced
	 
	Active duration in DRX mode
	DRX duration in DRX mode

	
	Activated in CA
	Deactivated in CA
	Activated in CA
	Deactivated in CA

	
	L1 ON
	L1 OFF
	L1 ON
	L1 OFF
	L1 ON
	L1 OFF
	L1 ON
	L1 OFF

	DRS Transmission
	Yes
	Yes
	N/A
	Yes
	Yes
	Yes
	N/A
	Yes

	CSI-RS Transmission
	Yes
	No
	N/A
	No
	Yes
	No
	N/A
	No

	Other Transmission
	Yes
	No
	N/A
	No
	Yes
	No
	N/A
	No


Proposal #3:  If ON/OFF based on new L1 procedure is introduced in Release 12, UE assumptions for signal transmission in DRX mode are as follows.
· UE shall assume no other signal transmission except DRS in L1 OFF subframes no matter which UE state in DRX mode and CA activation/deactivation


3. Conclusion
Based on the discussion in Section 2, proposals are summarized as follows.
Proposal #1:  If there is consensus on ON/OFF based on new L1 procedure, multiple subframe level ON/OFF with the following specification impacts is supported for small cell on/off operation in Release 12.
· UE-group-specific L1 signaling on either Pcell or an activated Scell
· Transition time for a UE to be ready for data reception after receiving L1 signaling (to be decided by RAN4)
· UE assumption/behavior in ON and OFF subframes on an activated Scell
Proposal #2:  If there is no consensus on ON/OFF based on new L1 procedure, enhanced CA activation/deactivation transition time with the following specification impacts is supported for small cell on/off operation in Release 12.

· UE assumption/behavior in ON (activated) and OFF (deactivated) period on a Scell

· Transition time reduction for CA activation/deactivation based on DRS (e.g. 15 ms or less)
Proposal #3:  If ON/OFF based on new L1 procedure is introduced in Release 12, UE assumptions for signal transmission in DRX mode are as follows.

· UE shall assume no other signal transmission except DRS in L1 OFF subframes no matter which UE state in DRX mode and CA activation/deactivation
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