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1 Introduction
Shortly after the RAN1#77 meeting in Seoul, an email discussion [77-08] entitled as “Small cell on/off transition time reduction” has been kicked off on the 3GPP RAN1 reflector. The outcome of the email discussion that greatly contributed to increase the mutual understanding is summarized as the following:

1) A document summarizing all the proposals for transition time reduction which can then act as a guidance for the next RAN1 meeting [1].

2)      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.

3)      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.

Moreover, based on the agreed way forward in the RAN#64 meeting [2] the scope of the discussions in this agenda item should be focused only on solutions for further reduction of small cell ON/OFF transition time for an activated SCell. 
In this contribution, our objective is to provide a complete solution for further transition time reduction on an activated SCell. To achieve this goal, we use the summary document [1] focusing on solutions under the umbrella of small cells on/off based on L1 signalling as the baseline to comply with the guidelines of the agreed way forward [2]. Having two categories of solutions available for this purpose in [1], namely as the subframe level ON/OFF and the multi-subframe level ON/OFF, we outline the specific design aspects needed for a complete solution that fulfils at least the essential properties together with its corresponding UE behaviour for each category. Finally we propose a solution that not only is realizable and beneficial in terms of complexity and performance, but also minimizes the changes needed in the standard due the limited time allocated in Rel-12 for this topic.
2 Discussion
2.1 UE assumptions on the received signals
Currently a UE can assume that CRS is present in every subframe when the SCell is activated which provides implementation flexibility at the UE for proper operation. Adopting ON/OFF changes this assumption but it is necessary to benefit from the interference mitigation gains promised by ON/OFF. Therefore, while changing this assumption due to ON/OFF, it should be ensured that solutions are in place for proper operation of UEs. 
2.1.1 Fine time and frequency tracking

The UE needs periodic opportunities to estimate time and frequency. A filtering/tracking operation is applied to these estimates to maintain time and frequency sync. As it is commonly understood via the email discussion, one subframe in a period of 5 ms with CRS is sufficient to provide these estimates. Since on/off is to be applied to SCells and due to the expected lower vehicle speeds, the UE can rely on the configured DRS for fine time and frequency tracking since DRS occurs periodically and contains at least one subframe with CRS. 
In legacy UE behavior, when the UE is in DRX, it can wake up prior to the onDuration to update its fine time and frequency tracking if needed in order to be ready to monitor (E)PDCCH during the onDuration. The same opportunities can be facilitated to UEs with ON/OFF by configuring the onDuration after the DRS burst and also as close as possible to the DRS burst. The UE can hence wake up during DRS subframes if needed and update its time and frequency based on the available CRS in the DRS configured subframes and be ready to monitor (E)PDCCH in the upcoming onDuration. As the UE prolongs its active time the CRS is present at least in subframes scheduled with data and can be used for further updates if needed.

The UE needs periodic opportunities to estimate time and frequency. As stated earlier, a filtering/tracking operation is applied to these estimates to maintain time and frequency sync. The periodicity of providing time and frequency estimates for tracking depends on the time interval beyond which frequency sync may be lost. Sources of loss in frequency sync are mainly the oscillators drift and UE velocity. Moreover, in general cases an update every 5ms ensures that time and frequency are well tracked. However, this time interval can be increased for the following reasons: 
· Low mobility users are targeted in small cells 
· PCell is always present which can be relied on for mobility purposes. 
· Drift in oscillators typically happens in much larger time scales than 5ms. 

Therefore the UE can rely on the configured DRS for fine time and frequency tracking with a periodicity lower than once every 5ms. It was shown in [4] that the periodicities being considered for the DRS are sufficient to provide time and frequency tracking. 

Observations:
· The UE can rely on the DRS burst for aquiring fine time and frequency tracking.

· The onDurations can be configured after and close enough to a DRS burst.

2.1.2 Demodulation channel estimation filtering

The channel estimation filter parameters are determined based on the long term properties of the channel. For demodulation purposes, the channel estimation filters are further fine-tuned based on the RS received in the subframe associated with PDSCH. Otherwise transmissions such as TDD configuration 0 would be problematic where there is only one DL subframe configured within half a radio frame. 

All the fast ON/OFF schemes propose to transmit RS for demodulation in the subframe with (E)PDCCH/PDSCH. Therefore the fine tuning of the channel estimation filter parameters can be done on a subframe basis as it should be for the current case. For the long term properties of the channel, the RS for demodulation in the subframe with (E)PDCCH/PDSCH can be QCL with the DRS.
Observations: 
· The UE can rely on the QCL properties of DRS for determining the channel estimation filter parameters for demodulation purposes.

· The UE can rely on the RS in the subframe with scheduled data for further fine tuning of channel estimation filter parameters for demodulation purposes.

2.1.3 Availability of CSI reports

Evaluations in [3] have clearly shown the importance of availability of updated CSI at eNB in boosting the performance in particular for data traffic with short packets. In reality, even web-based traffic is based on short packets with various inter-arrival times as briefly discussed below. Different web services such as social networking or video streaming that are carried over http, are bounded to packets of about 1400 bytes. Another aspect is the variations in inter-packet arrival time which can be anything between 4ms to hundreds of ms for increasingly popular applications such as video streaming. Therefore it is recommended to always configure the UE with RS that can be used for providing the CSI report irrespective of the cell or DRX state. 

Observations:
· The UE can always rely on the configured RS to provide updated CSI report. 
Based on the above discussion, we summarize our view on the UE assumptions on the received signals for the two categories of the ON/OFF schemes in Table 1 and Table 2.
Table 1 UE assumptions on the received signals from the serving SCell for any TMs for Subframe level ON/OFF schemes [1]
	Conditions
	Expected signals

	Activated
	On period in DRX cycle

(Active time)
	In the subframe configured with DRS, UE assumes DRS.
In the subframe configured with CSI-RS, UE assumes CSI-RS
In the subframe scheduled by E/PDCCH, UE assumes (E)PDCCH,  PDSCH and CRS.

If a subframe is configured neither with DRS nor CSI-RS, and it is not scheduled by data, UE assumes no transmissions.


	
	Off period in DRX cycle

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

If a subframe in configured neither with DRS nor CSI-RS, UE assumes no transmissions.

	Deactivated
	-
	In the subframe configured with DRS, UE assumes DRS.
In the other subframes, UE assumes no transmissions.


Table 2 UE assumptions on the received signals from the serving SCell for any TMs for Multi-subframe level ON/OFF schemes [1]
	Conditions
	Expected signals

	Activated
	On period in DRX cycle

(Active time)

	In the subframe configured with DRS, UE assumes DRS. 

In the subframe configured with CSI-RS, UE assumes CSI-RS.
In the subframes configured with Indicator, UE assumes Indicator.

In addition:

· In an ON indicated subframe during active time, UE assumes:
· CRS or
· (E)PDCCH, PDSCH and CRS if data is scheduled in that subframe.
· In an OFF indicated subframe during active time, UE assumes nothing is transmitted if the subframe is configured neither with DRS nor CSI-RS nor Indicator.


	
	Off period in DRX cycle

(UE in DRX)
	In the subframe configured with DRS, UE assumes DRS.
In the subframe configured with CSI-RS, UE assumes CSI-RS.
If a subframe is configured neither with DRS nor CSI-RS, UE assumes no transmissions.

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

In the other subframes, UE assumes no transmissions.


2.2 UE behaviour

The current UE behaviour when it is configured with DRX is that the UE is mandated to monitor (E)PDCCH during the active time where the same active time applies to all activated serving cells. The UE can go to sleep when it is in DRX. If the UE is not configured with DRX, the UE continuously monitors (E)PDCCH.

It is worthwhile to note that “monitoring (E)PDCCH” means attempting to decode (E)PDCCH according to the specification. 
2.2.1 UE behaviour in active time in relation to the ON/OFF schemes

For subframe level ON/OFF based on cross/self-carrier scheduling or CRS/(e)PDCCH detection, the existing DRX procedure can be applied on top of the on/off scheme. Moreover, the definition of the Active time and its corresponding timers as well as the UE behaviour during the Active time can remained unchanged. 

Observation:

· Subframe level ON/OFF based on cross/self-carrier scheduling or CRS/(e)PDCCH detection can adopt the Active time as it is currently specified with the corresponding UE behaviour. 
For multi-subframe level ON/OFF based on a periodic indicator as listed in [1], with respect to the existing DRX procedure, some alignments and potential changes in the relationship between the definition of active time and corresponding UE behaviour are needed. Some examples are provided below:

· The occurrence of the indicator should be preferably aligned with the onDuration of a DRX cycle. Otherwise, the UE needs to wake up during the DRX off period to monitor the Indicator which results in increased UE power consumption.

· If the UE decodes an ON state from the Indicator, it may be preferable to extend the active time and possibly stay in the active time until the next occurrence of the indicator. Realizing this would impact the timers relevant to the active time.

· If the UE decodes an OFF state from the Indicator, it can stop monitoring the channel until the next occurrence of the indicator for power saving purposes. Realizing this would impact the timers relevant to the active time.

· The current specified UE behaviour during the active time is directly coupled to the outcome of monitoring (e)PDCCH that contains scheduling assignments, i.e. UE is specified to take different actions during active time if it receives scheduling assignment or not. The explicit group signalling based on broadcast DCI message or DRS based Indicator, does not necessarily contains a scheduling assignment. Hence, clarifications on the active time definition and the corresponding new behaviour are unavoidable.

Observation:

· Multi-subframe ON/OFF schemes based on periodic indicator impact the currently existing Active time such as its definition, timers and corresponding UE behaviour.
3 Conclusion

In this contributions we discussed the ON/OFF schemes targetting the solutions for further transition time reduction on an activated SCell by focusing on the two categories of solutions summarized in [1] namely the subframe level ON/OFF and the multi-subframe level ON/OFF solutions. In order to have a proper design especially from the UE perspective, we discussed the assumptions that the UE can make on the received signals in the context of ON/OFF. Then we discussed how these assumptions and particular design of each ON/OFF category affect the UE behaviour. The above discussion is summarized with the following observations:
Observations:

· The UE can rely on the DRS burst for aquiring fine time and frequency tracking.

· The onDurations can be configured after and close enough to a DRS burst.

· The UE can rely on the QCL properties of DRS for determining the channel estimation filter parameters for demodulation purposes.

· The UE can rely on the RS in the subframe with scheduled data for further fine tuning of channel estimation filter parameters for demodulation purposes.

· The UE can always rely on the configured RS to provide updated CSI report. 
· Subframe level ON/OFF based on cross/self-carrier scheduling or CRS/(e)PDCCH detection can adopt the Active time as it is currently specified with the corresponding UE behaviour. 

· Multi-subframe ON/OFF schemes based on periodic indicator impact the currently existing Active time such as its definition, timers and corresponding UE behaviour.
Based on the above discussions and observations we propose the following: 

Proposals:
The subframe level on/off solution based on cross/self-carrier scheduling should be adopted due to its minimum standardization impact and maximum ON/OFF gain as compared to all other alternatives.

· UE assumptions on the received signals are given in Table 1.
· The UE is configured to receive the DRS and RS for CSI reporting when the SCell is activated.
· The UE assumes to receive only the DRS and additional RS for CSI reporting if it is in the DRX off period.
· UE behavior is unchanged during the active time.
· UE is mandated to monitor (E)PDCCH during the Active time.
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