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1 Introduction
In RAN1 meeting #76bis the discussion on the reduced transmission time for small cell on/off reached some conclusions that are captured in the Chairman notes as the following:

Conclusions:

· Candidates for the new L1 procedure for activated SCell to further reduce the transition time includes at least followings
· Information on what UE can assume about the cell transmission is indicated to the UE

· Candidates for the indicator are

· DCI message

· Reference signal

· Active time within the DRX procedure
· Enhanced CA activation/deactivation command

· For the DCI message and reference signal candidates 

· Down-select whether the indication is sent on the serving SCell operating on/off, on the PCell 

· Down-select the value of the delay between the indicator and its corresponding first on subframe, within the range of 0 to 4 ms

· Define the number of consecutive on subframes associated with the indicator

· FFS: Whether the number of on subframes can be signaled with the indicator

· Maximum number of consecutive off subframes is less than periodicity of configured signals such as DRS or CSI-RS.

· For candidates based on active time within the DRX procedure

· Define whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off

· Down-select timers related to DRX configuration to support on/off

· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes. 
In this contribution, we compare and analyse the different new L1 procedures that were identified at RAN1 #76bis. As highlighted above, the solutions for the new L1 procedure with the cell state indicator based on “DCI message”, “Reference signal”, “Active time within the DRX procedure” and “Enhanced CA activation/deactivation command” are considered here. Moreover in a companion contribution [1] we provide generic evaluation results for the different solutions together with some more analysis of the results.
The analysis and evaluations in these two contributions are done with the objective of providing an understanding on how different design factors impact the system performance which in return serves as a guideline to down-select various options on reasonable design parameters in order to reach an agreement on a design solution for the on/off mechanism in the context of the new L1 procedures on an activated SCell cited in WID [2].
2 Discussion
2.1 Description of candidate schemes
In the following we describe the candidate schemes for new L1 procedure where the cell state is indicated to UE based on the “DCI message” or “Reference signal” or “Active time within the DRX procedure” or “Enhanced CA activation/deactivation command” .
· Scheme 1: Autonomous Cell state indication based on Reference signal or implicit DCI message
The scheme considered here is the same as the on/off mechanism based on the implicit signalling described in [3] or equivalently Scheme A in [4] where CRS on SCell is used as the indicator. Briefly, the UE may detect the status of the SCell in any subframe by trying to detect the CRS that will be transmitted in any subframe that is on or by trying to detect an (E)PDCCH transmission. Both discovery burst and CSI-RS are configured to be transmitted from an off cell as well as on cell. Hence the UE is capable of providing updated CSI report when needed. An example is illustrated in Figure 1 in the Appendix REF _Ref383036063 \h 
 with the presence of some subframes (shaded in green) where no data is scheduled but CRS and possibly other RS are transmitted. This could be done so as to provide the UE with some additional subframes with RS in order to prepare UE for data reception in a subsequent subframe.
The scheme could further be extended in principle by considering using (E)PDCCH as the indicator where the UE tries to decode (E)PDCCH that indicates a DL assignment or an UL grant for the current subframe and uses this as an indicator whether the subframe is on or off. In this case the UE can also be provided with some additional subframes with RS in order to be prepared for data reception in a subsequent subframe.  
It is further given that DRX operation can be incorporated directly on this scheme. The procedures that are associated with the current DRX definition are applicable as they are including the case that the UE under DRX is not mandated to receive PDSCH/(E)PDCCH. During the Active time the UE would instead be mandated to detect (E)PDCCH on the SCell operating ON/OFF. However the UE does not make any assumption on whether the SCell is ON or OFF prior to detecting CRS/(E)PDCCH. 
· Scheme 2: Periodic Cell state indication based on implicit DCI message
The on/off SCell state indicator is based on the (E)PDCCH detection for an DL assignment or an UL grant on SCell or PCell where the UE is configured with the periodicity and subframe offset of the indicator. This scheme is similar to the proposal in [5]. Considering the periodicity of 5m or 10ms for example, the indicated SCell state is immediately applicable for duration of 5 or 10ms without any signalling delay, respectively. Moreover, as in Scheme 1, both discovery burst and CSI-RS are configured to be transmitted from an OFF cell as well as ON cell. Hence the UE is capable of providing updated CQI report when needed. Figure 2 in the Appendix REF _Ref383036099 \h 
 shows an example of Scheme 2 with frame based on/off granularity.
Similar to Scheme 1 the DRX operation can be incorporated directly on this scheme. However the timing of the indicator should be aligned within the active time of the DRX procedure such that the UE can make assumptions on the cell state.
· Scheme 3: Periodic Cell state indication based on explicit DCI message
The on/off SCell state indicator is based on the explicit signalling on PCell as described in [6] and also Scheme B in [1]. The indicator of the cell states can occur every 5 or 10ms similar to Scheme 2 with the difference being the incurrence of an additional signalling delay of 4ms. An OFF cell transmits only the discovery burst. All signals including such as CSI-RS, CRS, (E)PDCCH and PDSCH are transmitted only from ON cells. Hence in the absence of CSI-RS to update the CQI feedback, outdated CQI is reported as opposed to Schemes 1 and 2. Figure 3 in the Appendix REF _Ref383036102 \h 
 demonstrates an example of on/off granularity of 10ms with 4ms indicator delay.

Similar to Scheme 2 the DRX operation can be incorporated directly on this scheme. However the timing of the indicator on PCell should be aligned within the active time of the DRX procedure such that the UE can make assumptions on the cell state.

· Scheme 4: Periodic Cell state indication based on Active Time
This scheme is similar to the solution discussed in [7] where the DRX procedure is used to realize on/off. In more details a UE configured with DRX is not mandated to receive PDSCH/(E)PDCCH under DRX. Furthermore the UE will assume that only the signals provided from the cell are the discovery signal and potentially CSI-RS. When the UE is in Active time it will assume that the cell is providing all the signals as Rel-8 backward compatible cell, such as for example CRS. The UE is moreover mandated during the Active time to monitor (E)PDCCH as of the DRX procedure defined in Rel-8.

In order to have an efficient on/off by reducing the transition time, the active time including the time window that the UE monitors (E)PDDCH is assumed to be as large as the DRX cycle. For example, consider the following settings [8] and see the example in Figure 4 in the Appendix:

1) onDurationTimer=1ms, drx-InactivityTimer=4ms, longDRX-Cycle=5ms

2) onDurationTimer=2ms, drx-InactivityTimer=8ms, longDRX-Cycle=10ms

Note that the settings 1 and 2 above result in an on/off granularity of 5 and 10ms, respectively. However note that for example the long DRX cycle is reduced to 5ms here while the minimum supported value in the standard is 10ms. Moreover the UE is expected to receive CSI-RS and discovery burst during the DRX cycles and perform necessary operations which is different from the existing DRX procedure. 
A problem with this approach is that the DRX cycles of all UEs in all serving cells operating on/off are needed to be aligned to enable turning off the cell. Moreover the DRX cycle that a UE applies is the same cycle on all its serving cells irrespective of if a cell is operating on/off or not. Consequently it will be difficult to even out the load in the network on aggregated cells that do not apply ON/OFF, e.g. the primary cell. Hence, to solve this issue it would be preferred to be able to configured separate DRX cycles for each serving cell. This was however seen to be too complex during Rel-10 when CA was defined. 
A key difference between scheme 4 and scheme 1 to 3 is that the cell needs to be ON if there is any UE that is in active time on the Scell or PCell. That is not the case for scheme 1 to 3 and hence these schemes do not suffer from the same issue. At the same time this behaviour more or less requires the network to align the DRX cycles between different UEs in order to be able to leverage the gains by ON/OFF operation.
· Scheme 5: Cell state indication based on Enhanced CA activation/deactivation command
In the enhanced CA activation/deactivation command based on/off, physical layer signalling is used to reduce the transition time by 4ms where in the best case, the off-to-on and on-to-off transition times are reduced from 24 and 8ms to 20 and 4ms, respectively. When the cell is turning on, the eNB sends the enhanced CA activation/deactivation commands to UEs connected to the SCell. The UEs do not expect any incoming data at least for 20ms. An example of Scheme 5 for low and high loads scenarios is depicted in Figure 5 in the Appendix REF _Ref386570148 \h 
. 

In our view the possibility to achieve on/off based on CA activation/deactivation command depends to a large extent on the activation/deactivation triggering policies utilized at the eNB, where incorporating some level of knowledge about the data traffic in the network in such policies can play a crucial rule in the effectiveness of these schemes. In the following we discuss a couple of implementation examples:
1) One example is shown in the left hand side of Figure 5 REF _Ref386570148 \h 
 where the eNB sends the activation commands to UEs where some may still have empty buffers. Keeping those UEs activated while incoming data is expected eliminates the negative effect of transition time delay at the expense of UE power consumption. 
2) Another example is an activation based on incoming data for each UE which can be an implementation policy at low loads and is demonstrated on the right hand sides of Figure 5 REF _Ref386570148 \h 
. 
3) Another implementation possibility to tackle the transition time delay due to activating UE upon incoming traffic is to schedule the UE on PCell until the UE has activated the SCell. This could be useful when the traffic arrival rate at the UE is very bursty with long periods of inactivity between bursts, but could be ineffective when the traffic arrival patterns are less bursty.
Table 1 provides a summary of the design assumptions considered in these schemes which also answers some of the questions given at the last RAN1 meeting. 
Table 1 Summary of the design assumptions for various schemes 
	Indicator miss detection
	UE assumes the cell is off if UE fails to detect an indicator.

	CSI-RS
	Periodicity of CSI-RS is configurable and CSI-RS transmission is aligned with the discovery burst.
In schemes 1, 2 and 4:

· CSI-RS always transmitted irrespective of cell state.

· CSI-RS interference always accounted.

In schemes 3 and 5:

· CSI-RS transmitted only from on cells.

· CSI-RS interference accounted only for on cells.

	CQI feedback
	In schemes 1, 2 and 4:

· Always updated CSI feedback is reported irrespective of cell state.

In scheme 3:

· If CSI-RS is not available to update the CSI report, outdated (the latest available) CSI feedback is reported if available otherwise the lowest MCS is used for scheduling.
In scheme 5:

· Always updated CSI report is available.

	Number of consecutive on subframes associated with the indicator (Tp)
	Scheme 1: 1 ms

Scheme 2: 5 or 10 ms

Scheme 3: 5 or 10 ms
Scheme 4: 5 or 10 ms
Scheme 5: Minimum 4 ms (i.e. on-to-off transition time). 

	Delay value between the indicator and its corresponding first on subframe (Td)
	Scheme 1: 0 ms

Scheme 2: 0 ms

Scheme 3: 4 ms
Scheme 4: 0 ms

Scheme 5:20 ms (In this case it corresponds to off-to-on transition time.)

	Maximum off-to-on transition time
	Scheme 1: 0 ms

Scheme 2: 5 or 10 ms

Scheme 3: 9 or 14 ms
Scheme 4: 5 or 10 ms

Scheme 5: 20 ms  


2.2 Analysis of candidate schemes

Considering the structure of the schemes discussed above, we provide in the following an analysis of these schemes which addresses the relevant realization and implementation aspects:

· On/off operation based on active time within DRX procedure not only requires changes in the DRX procedure to operate on/off but also leads to a problematic network operation. Furthermore it can be observed that the new L1 procedure schemes with the cell state indication based on the DCI message or RS or CA activation/deactivation command can apply DRX without changes to the DRX procedure and avoid imposing an inefficient way of operating the network. However the schemes that require periodic cell state indication need some kind of timing alignment between the occurrence of the indicator and the active time of the DRX procedure while the new L1 procedure based on the autonomous CRS/(E)PDCCH detection does not imply such requirements. 
· For the enhanced CA activation/deactivation it can be observed that reducing the activation/deactivation time leads to a limited performance gains than other enhancements. Tightening the RAN4 requirements that are currently defined is not either seen as feasible [9]. Moreover the possibility to achieve on/off and benefit from it, depends to a large extent on the activation/deactivation triggering policies utilized at the eNB, where incorporating some level of knowledge about the data traffic in the network for such policies can play a crucial rule in the effectiveness of these schemes. Due the latency of the CA activation/deactivation procedure it will be difficult to capture quick changes in the data traffic flow by the UE, e.g. for an operation with TCP based data flow. Finally considering the gains given in [1] it can be seen that the scheme performs the worst among all the different proposed options.

· The cell state indication based DCI message scheme and the indication based RS scheme share many similarities. Both approaches can apply DRX on top and would hence not create any extra UE power consumptions. The main difference is the indicator delay i.e. the time between an indicator is sent until the first on subframe that the indicator is correspond to. A potential issue would be (E)/PDCCH load given that there would be a need to transmit multiple indicators (different for different UEs or in combination with other features such as eIMTA) for example in the common search space together with normal transmission in the common search space e.g. scheduling of SIBs. This is mainly a performance issue and what can be seen is that the extra delay causes a performance loss [1] and hence it is preferred to adopt a scheme with as small delay as possible. Another aspect which is investigated in [1] is that the outdated CSI can significantly impact the performance of these schemes and diminish all the benefits with on/off. Hence providing the UE with RS to measure CSI irrespective of the cell state is highly beneficial.
3 Conclusions
In this contribution we describe and analyse the different new L1 procedures and based on the analysis we propose the following: 
Proposals:

· The new L1 procedure is based on the autonomous detection of CRS/(E)PDCCH per subframe on the SCell that indicates whether the cell is on or off.

· The UE cannot assume that CRS/PSS/SSS are present in any subframe other than subframes potentially configured for the discovery signal.
· The UE is configured to receive the discovery burst and RS for CSI report irrespective of the cell state.

· If the UE is configured with DRX:

· If the UE detects CRS and decodes (E)PDCCH successfully in a subframe within the active time the UE should follow the instruction in the DCI message.
· If the UE does not detect CRS in a subframe within the active time the UE may choose not to try to decode (E)PDCCH. 

· If the UE is not configured with DRX:

· If the UE detects CRS and decodes (E)PDCCH successfully in a subframe the UE should follow the instruction in the DCI message.

· If the UE does not detect CRS in a subframe the UE may choose not to try to decode (E)PDCCH. 
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Figure 1: Scheme 1 - Autonomous Cell state indication based on RS or implicit DCI message where (Tp,Td) = (1,0) ms  [3]
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Figure 2: Scheme 2 - Periodic Cell state indication based on implicit DCI message with (Tp,Td) = (10,0) ms [5]
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Figure 3: Scheme 3 - Periodic Cell state indication based on explicit DCI message with (Tp,Td)=(10,4) ms [6]
[image: image4.emf]Cross-carrier scheduling 

(not mandatory)

n-1

Frame n-2

SCell

PCell

n n+1 n+2

On subframes 

with data

CRS and 

CSI-RS

On subframes 

without data

PDCCH indicating 

next frame on

Discovery signal (including 

CSI-RS and CRS)

OFF frame

ON frame

ON frame

OFF frame

OFF frame

DRX cycle

On duration:

(E)PDCCH detected

ON rest of the frame

Monitor 

(E)PDCCH

Not-monitor 

(E)PDCCH

On duration:

(E)PDCCH Not detected

OFF rest of the frame


Figure 4: Scheme 4 - Periodic Cell state indication based on Active Time with active time and DRX cycle of 10ms and on duration of 1 ms or equivalently with (Tp,Td)=(10,0) ms [7]. Note that the impact of PCell load on DRX is not considered here.
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Figure 5: Illustration of Small cell on/off based on Scheme 5 using Enhanced CA activation/deactivation command for a low load case (top) and high load case (bottom) 

