
3GPP TSG-RAN WG1 #78
R1-143114
Dresden, Germany, August 18th – 22nd, 2014
Agenda item:
7.2.1.2.1
Source: 
NVIDIA
Title: 
Remaining aspects of small cell on/off
Document for:
Discussion and Decision
1. Introduction
In RAN1#77, the following agreement was reached on small cell on/off transition time reduction:

Agreement:

· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement

Furthermore, during an e-mail discussion after the meeting, the following agreement was made:

An agreement on UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:

· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.

· FFS MBMS on this SCell.

· FFS further reduction of CRS in an activated SCell.
Also the following observations were drawn:

Observations on further reduction of transition time for small cell on/off:

· The number of subframes of CRS needed before decoding the first (E)PDCCH/PDSCH needs further study.

· For fine time and frequency tracking, a periodicity of CRS in one subframe in a 5 ms interval was considered sufficient. Further reductions in periodicity may be possible for small cells. Specific values are FFS.

In this contribution, we provide further views on the small cell on/off schemes for Release 12.
2. On/off transition time reduction
The e-mail discussion [77-08] on small cell on/off transition time reduction focused largely on the details of potential schemes for further transition time reduction, while the only scheme that has actually been agreed to be introduced is the SCell activation/deactivation –based on/off mechanism. Question is then mainly on whether any further small cell on/off mechanisms should be enabled on top of what can already be done with the SCell activation/deactivation –based mechanism. In the e-mail discussion, the L1-signaling based schemes were further classified as subframe level on/off and multiple subframe level on/off schemes. Typically the subframe level on/off schemes are based on implicit signaling, e.g. based on (E)PDCCH scheduling or RS detection while most proposals on multiple subframe level on/off schemes are based on explicit DCI signaling. In addition to these L1-signaling based schemes, DRX-based on/off schemes have been proposed in which the UE could assume presence of legacy signals only during the DRX active time or only during the DRX onDuration period (i.e. when the DRX onDurationTimer is running), while during DRX, only the presence of DRS may be assumed. Further small cell on/off schemes should, obviously, be justified by the additional CRS interference reduction, transition time reduction and/or energy efficiency improvement. 

In our previous contribution [1] we already provided a thorough comparison of the schemes in terms of transition times. A summary is shown in Table 1, where TDRX denotes the additional delay due to the UE remaining in DRX.

Table 1. A summary of transition times with different small cell on/off schemes. Some values are exemplary, see [1] for the details.

	
	SCell act. / deact. –based on/off
	Multiple subframe level on/off
	Subframe level on/off
	DRX–based on/off

	Off-to-on transition 
	≤ TDRX + 24 ms
	TDRX  + [3,12] ms
	TDRX
	TDRX

	On-to-off transition
	8 ms
	[0, 9] ms
	0 ms
	≥ 0 ms, depends on DRX configuration and use of MAC CEs

	Minimum on-time
	~30 ms
	10 ms
	1 ms
	≥ 1 ms, depends on DRX configuration and use of MAC CEs


First, it is noted that the multiple subframe level on/off schemes do not reduce transition times very significantly compared to the SCell activation/deactivation –based on/off scheme, especially if the possibility of early activation is also taken into account. It is further noted that the analysis here does not take into account additional delays that may be incurred due to missed or blocked DCIs (DCIs are assumed for explicit signaling by most proposals on multiple subframe level on/off). Another thing worth noting is that when DRX is configured, the subframe level on/off schemes do not provide significant transition time reduction over the DRX–based scheme. The main benefit that the subframe level on/off schemes provide compared to the DRX–based scheme is the on/off granularity of one millisecond. However, it is not very clear which practical traffic patterns would require such on/off granularity, and whether such traffic would necessarily even need to be offloaded to the SCell. Basically, DRX has been designed from the start to account for different traffic patterns while optimizing the tradeoff between packet transmission latency and UE power consumption. Hence it should be possible to parameterize DRX such that the transition times as well as the on-time match with the expected traffic patterns.

Observations:
· Considering the possibility of early activation, multiple subframe level on/off schemes do not provide significant transition time reduction compared to activation/deactivation –based on/off. 
· The main benefit of subframe level on/off over the DRX–based on/off is the minimum on-time.
· It is not obvious which traffic patterns would require 1 ms minimum on-time in practice.
3. Time/frequency tracking and AGC operation
During the e-mail discussion, time/frequency tracking was identified as one key aspect of different on/off schemes. Subframe level on/off basically requires the UE to maintain time/frequency tracking all the time during non-DRX as the SCell can be turned on at any time without prior notice. However, basically the only possibility for maintaining such time/frequency tracking is to have very frequent DRS transmissions. During the NCT studies, 5 ms period was found sufficient while introducing DRS with a period longer than 5 ms for the purpose would require RAN4 involvement. With such DRS periods, the benefits of the scheme are largely reduced. In particular the DRS periods currently agreed would not enable this type of operation. 
With multiple subframe level on/off schemes, similarly to subframe level on/off, it is also possible to rely on DRS for time/frequency tracking assuming the DRS period is made as small as 5 ms. On the other hand, it could also be possible to transmit a number of subframes with CRS before the start of each on-period. This requires a processing time of e.g. 4 ms between the on-trigger (DCI) and the start of the on-period, for first detecting the DCI and then processing the CRS subframes. Note that introducing such a processing time would be beneficial also in order to improve the UE power saving possibilities during off-periods as the UE can then remain in a DRX-like mode until a DCI indicating an on-period is detected on the PCell.
The DRX-based scheme on the other hand enables reuse of existing UE functionality to a large extent, again provided that there is a number of subframes with CRS transmitted before the start of the onDuration period. Note that here the onDuration period as well as the CRS subframes before that provide the UE with a reference point that can be used for time/frequency tracking and setting the AGC right before (potential) detection of (E)PDCCH and PDSCH. This operation is very similar to typical existing UE implementations in which the UE wakes up from DRX a few subframes before the start of onDuration for the same purpose.
Thus we observe that basically any small cell on/off schemes would require a number of CRS subframes before the SCell switched on can be used for scheduling (E)PDCCH/PDSCH to the UE. In case of subframe-level on/off schemes, DRS with a 5 ms period could be used for the same purpose instead, as by the definition of the scheme, it is not possible to transmit any CRS subframes exactly before the start of on-period.

One of the open issues during the e-mail discussion was the actual number of subframes with CRS required before processing of (E)PDCCH. It was mentioned during the e-mail discussion that in D2D, based on the input provided by RAN4 in [2], sufficient AGC settling time could be as short as one OFDM symbol. However, this analysis was assuming energy-based AGC implementations while also other kinds of implementations (e.g. relying on CRS) are possible in case of normal downlink transmissions. So the analysis done for D2D may not directly apply to the current case. More importantly, in addition to AGC, the UE also needs to perform time/frequency tracking to set the FFT window correctly. This needs to be done before receiving the subframe in which the UE is expected to detect (E)PDCCH or PDSCH. Thus at least one full subframe is needed and whether this is enough should be verified by RAN4.
Observations:
· To enable time/frequency tracking and AGC, either one of the following is required:
· A number of CRS subframes before the start of each cell on –period.
· DRS with a 5 ms period.
· One full subframe is the absolute minimum for the number of CRS subframes required before the UE can be required to detect anything at the start of the cell on –period.
· Details should be studied by RAN4.
Based on the transition time analysis and the time/frequency tracking aspects discussed above, in our view the subframe level and multiple subframe level –based schemes do not seem justified given the unproven benefits and the related difficulties in enabling time/frequency tracking at the UE side. The DRX-based scheme on the other hand, similarly to SCell activation/deactivation scheme, is a straightforward method enabling small cell on/off as it is based on existing UE functionality. The DRX-based scheme basically allows matching the on-times of the cell and the UE according to the expected traffic patterns. Obviously, it is highly beneficial from the overall energy efficiency perspective and, also very natural to enable also UE power saving when the cell is off. 
4. Conclusion 
In this contribution we have discussed introduction of further small cell on/off schemes on top of the already agreed SCell activation/deactivation –based on/off scheme. From our perspective the only scheme that could be additionally introduced in Release 12 is the DRX-based on/off scheme as that requires little specification work and is reusing existing UE procedures to a large extent.
Proposals:

· In addition to SCell activation/deactivation –based on/off, consider introducing DRX-based small cell on/off.

· If the UE is configured with DRS-based measurements on an activated SCell and is in DRX, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until X subframes before start of the DRX onDuration period.
· No other small cell on/off mechanisms should be specified in Release 12.
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