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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 update and extend the presented performance evaluations in [1] including some more candidate solutions as discussed in [2] as well as updated simulation assumptions for some candidate solutions based on the outcome of RAN1 #76bis meeting. As highlighted above, the solutions that the cell state indicator are based on “DCI message”, “Reference signal”, “Active time within the DRX procedure” and “Enhanced CA activation/deactivation command” are considered here. 
The analysis and evaluations are performed for different options of design parameters 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 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[3].
2 Discussion
2.1 Overview of the candidate schemes
In the following we briefly overview and describe the candidate schemes for the new L1 procedure where the cell state is indicated to UE based on “DCI message” or “Reference signal” or “Active time within the DRX procedure” or “Enhanced CA activation/deactivation command” . More details are provided in [2].
· Scheme 1:  Autonomous Cell state indication based on Reference signal or implicit DCI message

In this scheme the CRS on SCell is used as the indicator [4]

 REF _Ref386565146 \r \h 
[1]. Briefly the UE detects the status of the SCell in any subframe by trying to detect the CRS/(E)PDCCH that will be transmitted in any subframe that is on. Both discovery burst and CSI-RS are configured to be transmitted from an off cell as well as on cell. An example is shown in Figure 1 in the Appendix.
· Scheme 2: Periodic Cell state indication based on implicit DCI message
The on/off SCell state indicator is based on the (E)PDCCH detection 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]. The indicator periodicity of 5 or 10ms is considered here without any subframe offset, i.e. signalling delay. 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 illustrates an example.
· 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 discussed as 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. See e.g. Figure 3 in the Appendix. 
· 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. To reduce the transition time the duration of active time is assumed to be equal to the DRX cycle for example being 5ms or 10ms. An illustrative example is shown in Figure 4 in the Appendix.

· Scheme 5: Cell state indicator 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. An example of Scheme 5 for low and high loads scenarios is depicted in Figure 5 in the Appendix REF _Ref386570148 \h 
. In [2] the following implementation examples were discussed:
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 overhead 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 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 SCell activation when a UE is activated 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.
In our simulations in order to minimize the impact of off-to-on transition time, the first implementation example is considered. Moreover, for the deactivation policy, the eNB turns off the SCell after X+4 ms if no UE is scheduled during this time. Clearly the larger the X, the lower the probability to turn off the cell would be and hence the lower the on/off gain.
 REF _Ref386564049 \h 
Table 4 in the Appendix provides a summary of the design assumptions considered in these schemes as in [2] which is repeated here for convenience. In summary the schemes are considered in the system level simulations are listed below: 

· Scheme 1: (Tp,Td) = (1,0)ms

· Scheme 2: (Tp,Td) = (5,0)ms

· Scheme 2: (Tp,Td) = (10,0)ms

· Scheme 3: (Tp,Td) = (5,4)ms

· Scheme 3: (Tp,Td) = (10,4)ms

· Scheme 5: (off-to-on, on-to-off)=(20, X+4)ms

· X=0, 10, 20, 80ms

· No on/off

As observed  the schemes 1 to 3 are parameterized based on Tp and Td where Tp denotes the number of consecutive on subframes associated with the indicator and Td denotes the delay value between the indicator and its corresponding first on subframe. Scheme 5 is naturally parameterized based on the off-to-on and on-to-off transition times. See Table 4 for more clarifications. As the final note we would like to mention that the system level performance evaluation of Scheme 4 is not considered here since we find it sufficient to instead analyse the feasibility of this scheme in terms of its potential to provide on/off benefits. 
2.2 Overview of the simulation assumptions
General assumptions:

We presume that RRM measurements and time and frequency tracking are already enabled by the discovery signal. Scenario 2a, using RSRQ based cell selection with CSO=0dB, is considered for the evaluations where, in the macro layer, planned cell IDs are assumed such that the CRS collision among the sectors in each macro site is avoided. On the other hand for the small cells Random CRS shift is considered. Finally transmission mode 10 in Rel-11 is assumed throughout the simulations. The detailed simulation assumptions are provided in Table 5 the Appendix
Realistic assumption on data traffic:
Two FTP packet sizes of 0.1 and 0.5 Mbytes are considered. The motivation to consider two FTP packet sizes is that the packet sizes for data traffic in real network are usually much smaller than 0.5 Mbytes assumed in [9]. For example different web services such as social networking or video streaming that are carried over http, are bounded to packets of about 1400-1500 bytes [10]. Another aspect is the variations in inter-packet arrival time which can be anything between 4ms to hundreds of ms for ever increasing popular applications such as video streaming [10]. Therefore it is important to understand 1) how shorter packets than 0.5 Mbytes affect the performance of different schemes and moreover 2) how different schemes are enable to utilize and maintain the interference mitigation gain by on/off even for popular data traffic. Addressing these aspects is crucial to be able to select a scheme which is capable to boost the performance in actually realistic scenarios.
.
2.3 Performance Analysis of the candidate schemes
The performance evaluation results are shown in Table 1 to Table 3, as well as Figure 6 and Figure 7 in the Appendix. Based on the results we make the following analysis:
Scheme 1:
Scheme 1 consistently provides gain for all loads and packet sizes for being capable of operating on/off with the lowest transition times which results in an interference mitigation mechanism executed in the most opportunistic fashion at any load for any packet size or inter-packet arrival time.

The gains of Scheme 1 are increased as the packet size decreases which indicates the usefulness of this scheme in realistic use cases.

Scheme 2:

Scheme 2 also shows gain for all loads and packet sizes however as shown in Table 1 the gains are decreases as the packet size decreases. The reason is less flexibility in design as compared to Scheme 1 for the on/off granularity is being in order of 5 or 10ms in this scheme. However, we observe that the lower granularity (i.e. 5ms as compared to 10ms) being closer to the one offered by Scheme 1, offers higher flexibility and improved performance.
The performance of this scheme indicates very well how the transition time affects the performance especially for smaller packet sizes such that for shorter packet size the lower transition time is preferable.

Scheme 3:

Scheme 3 shows gain only for large packets and it fails to outperform transmission without any on/off mechanism. Comparing to Scheme 2, two main parameters that affect the performance of Scheme 3 differently are 1) the signaling delay of 4ms that increases the transition time, 2) no CSI-RS transmission when the cell is off which results in eNB using outdated CQI when new CQI report is not available as well as not causing interference due to CSI-RS transmission in off subframes. These impacts are more significant for shorter packets since not only the transition time overhead delay becomes more pronounced but also the probability that packets are already served based on outdated CQI until an updated CQI is available increases. Furthermore, we observe clearly from Table 1 that the gain by reducing interference due to disabling CSI-RS transmission in off subframes is negligible and does not compensate for the loss due to the outdated CQI report. The impact is larger for shorter on/off granularity (i.e. 5ms as compared to 10ms) where can be somewhat reduced if the CSI-RS periodicity is reduced to 5ms instead of 10ms. However the granularity of 5ms is still limits the flexibility as in Scheme 2 and the impact would not be eliminated specially for short packets.
Scheme 4:

Realization of this scheme based on DRX procedure has in principle major issues. Firstly, to enable small cell on/off with DRX based approach, all the cells operating on/off are forced to follow the same or aligned DRX configuration to achieve the gains promised by on/off mechanism. 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. That in principle is an undesirable approach since it not only limits to use the DRX for the purpose that is actually designed for i.e. saving power at UE but also leads to a problematic network operation and 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.  Secondly, for the on/off being beneficial the transition time should be reduced and if DRX based approach is used only the DRX cycles of at most 10ms are reasonable which again does not leave much room for UEs to save power even though a particular UE may not be receiving data for periods larger than 10 ms. Thirdly, the changes in DRX procedures such as the assumptions that the UE should make about the cell state based on detection of (E)PDCCH during on duration and the support to receive the discovery signal or CSI-RS as compared to the already existing procedures are needed anyway to support on/off based on DRX. 
Scheme 5:

Scheme 5 shows gain only for large packets due to the relatively less transition time overhead while for small packets performs inferior as compared to transmission without any on/off mechanism where it even exhibits higher loss than Scheme 3 in this case. Note that as opposed to Scheme 3 the SCell is always provided with updated CQI here even though CSI-RS is not transmitted when the cell is off as in Scheme 3 due to the requirement on the activation time where the UE has to provide a CQI report. 

Recalling the implementation examples for Scheme 5, we can expect the same behavior for the second example which can be beneficial only for low loads. As the load increases the off-to-on transition time dominates the performance.

However the benefit with the third implementation example is quite scenario dependent and it is not completely clear if the overall system performance improves. Scheduling data during the off-to-on transition time on the PCell could be considered an option only if receiving data on the PCell happens occasionally. Considering applications such as video streaming that packets inter-arrival time can cover a wide range, from few ms to hundreds of ms, this would not happen just occasionally and so either the PCell will be quite loaded or the SCell will be activated for substantial periods of time for the UE without actually receiving any data. In such situations, fast on/off (i.e. Schemes 1 to 3) can provide benefits. The benefits are in same order as the benefits of fast on/off compared to the baseline with no on/off as shown in Table 3. Among the fast on/off methods, there is some trade-off between PCell load, delay and UE power consumption for the methods being considered (full frame, half frame, subframe level), but all of them will provide benefits in the above scenario. Given the rapid growth in video, this is a very key scenario. 
Another interesting behavior is the impact of parameter X on the performance. As mentioned earlier the larger the X, the lower the probability to turn off the cell and hence performing on/off. On the other hand the smaller the X the higher is the chance to turn off the cell but that could occur shortly before the new data is arriving specially a in high load scenario which the performance would be degraded due to the transition time overhead delay. Hence the traffic load and traffic behavior in the network contribute majorly in adjusting this parameter. We observe some changes in performance for large amount of X, such as 80ms where we still obtain some limited gain by on/off for large packets but completely fail to see any benefit with on/off for smaller packets.  

We discuss our view on CA activation/deactivation based on on/off more extensively in the companion contribution [11].
Table 1: Gain (%) in the mean user throughput by small cell on/off schemes over No ON/OFF Scheme for various traffic loads given by the resource utilization in the most loaded layer of No ON/OFF Scheme for Scenario 2a, CSO=0dB, Random CRS shift, 4 small cells per cluster, TM10 and 0.1 Mb as well as 0.5 Mb FTP packets.

	FTP packet size
	0.1 Mb
	0.5 Mb

	Resource Utilization [%]
	20
	40
	60
	20
	40
	60

	Small cell on/off schemes
	Scheme 1 (1,0)ms
	47
	51
	51
	45
	46
	57

	
	Scheme 2 (5,0)ms
	32
	33
	31
	36
	37
	41

	
	Scheme 2 (10,0)ms
	20
	20
	20
	34
	34
	39

	
	Scheme 3 (5,4)ms
	-8
	-9
	-10
	24
	24
	27

	
	Scheme 3 (10,4)ms
	-8
	-7
	-7
	26
	26
	34

	
	Scheme 5 (20,4)ms
	-19
	-16
	-13
	22
	18
	27

	
	Scheme 5 (20,14)ms
	-19
	-16
	-14
	22
	18
	19

	
	Scheme 5 (20,24)ms
	-19
	-16
	-14
	22
	17
	21

	
	Scheme 5 (20,84)ms
	-16
	-14
	-10
	17
	18
	26


Table 2: Loss (%) in the mean user throughput in Scheme 3 due to outdated CQI for various traffic loads given by the resource utilization in the most loaded layer of Scheme 3 with updated CQI for Scenario 2a, CSO=0dB, Random CRS shift, 4 small cells per cluster, TM10 and 0.1 Mb as well as 0.5 Mb FTP packets.

	FTP packet size
	0.1 Mb
	0.5 Mb

	Resource Utilization [%]
	20
	40
	60
	20
	40
	60

	(Tp,Td)
	(Tp,Td)=(5,4)ms
	19
	21
	21
	8
	6
	8

	
	(Tp,Td)=(10,4)ms
	14
	13
	14
	5
	3
	2


Table 3: Gain (%) in the mean user throughput by small cell on/off Schemes 1-3 over Scheme 5(20,4)ms for various traffic loads given by the resource utilization in the most loaded layer of Scheme 5 (20,4)ms for Scenario 2a, CSO=0dB, Random CRS shift, 4 small cells per cluster, TM10 and 0.1 Mb as well as 0.5 Mb FTP packets.

	FTP packet size
	0.1 Mb
	0.5 Mb

	Resource Utilization [%]
	20
	40
	60
	20
	40
	60

	Small cell on/off schemes
	Scheme 1 (1,0)ms
	80
	80
	74
	19
	24
	23

	
	Scheme 2 (5,0)ms
	62
	59
	51
	12
	16
	11

	
	Scheme 2 (10,0)ms
	47
	43
	38
	10
	14
	9

	
	Scheme 3 (5,4)ms
	13
	8
	4
	2
	5
	0

	
	Scheme 3 (10,4)ms
	12
	10
	7
	3
	6
	5


3 Conclusion

In this contribution we investigated the performance of different candidates for the new L1 procedure. Based on the performance analysis we make the following observations and proposals for the new L1 procedures:

Observations:

· FTP packet sizes of 0.5 Mb in simulation assumptions does not reflect the realistic key scenarios such as video streaming where packet sizes are bounded to 1400-1500 bytes with an inter-arrival time that can cover a wide range, from few ms to hundreds of ms.
· The new L1 procedure should ensure gain for short packets to be considered as a useful feature.
· A new L1 procedure based on autonomous RS/(E)PDCCH detection on SCell (Scheme 1) consistently provides gain for all loads and packet sizes where the gains are increased as the packet size decreases.

· The gains over no on/off and enhanced CA activation/deactivation based on/off are in order of 45-57% and 19 to 80%, respectively. 
· A new L1 procedure based on periodic implicit DCI message signaling on PCell/SCell (Scheme 2) provides gain for all loads and packet sizes however the gains are decreased as the packet size decreases.
· A new L1 procedure based on periodic implicit DCI message signaling on PCell (Scheme 3) provides gain only for large packets where the chance of updating the outdated CQI reports increases. This scheme fails to provide any on/off gains as the packet size decreases.

· Comparing the performance of Scheme 1, 2 and 3 we observe the lower signaling delay and on/off granularity results in a more efficient on/off procedure.
· A new L1 procedure based on DRX procedure (Scheme 4) requires changes in the DRX procedure to operate on/off and also leads to a problematic network operation.
· A new L1 procedure based on enhanced CA activation/deactivation command (Scheme 5) shows gain only for large packets due to the relative less transition time overhead and performs inferior as compared to transmission without any on/off mechanism for shorter packets. The on/off gain by Scheme 5 is very much depends on the activation/deactivation policies implemented at eNB. 
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 value of the delay between the indicator and its corresponding first on subframe is 0ms.

· The number of consecutive on subframes associated with the indicator is one subframe.
· The UE is configured to receive the discovery burst and RS for CSI report irrespective of the cell state.
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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  [4]
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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]
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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) 
Table 4: 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.

CSI-Rs is configured to be transmitted every 10ms

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 CQI feedback is reported irrespective of cell state.

In scheme 3
:

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

· Always updated CQI report is available.

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

Scheme 2: 5 or 10ms

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

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

Scheme 2: 0ms

Scheme 3: 4ms
Scheme 4: 0ms

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

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

Scheme 2: 5 or 10ms

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

Scheme 5: 20ms  


Table 5:  System level simulation assumptions
	Parameters
	Value

	Scenario
	SCE Scenario 2a

	Deployment
	7 macro sites with three-sectors and ISD=500m (21 sectors), 1 cluster per macro cell area, 4 small cells per cluster

	Macro cell TX power 
	46 dBm

	Small cell TX power
	30 dBm

	System
	Downlink FDD

	Bandwidth
	10 MHz available in all nodes

	Network synchronization
	Synchronized

	PCI planning
	Macro cell layer: Planned, Small cell layer: Random

	Traffic model
	FTP Model 1as in TR 36.814, 0.1 and 0.5 Mbytes file size

	Carrier type
	Rel-11 with TM 10

	Cell selection
	1 dB uncertainty, RSRQ based cell selection for SCE Scenario 2a (modelling accounts for angle spread and port-to-antenna mapping) 

	Transmission schemes
	Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

	Scheduling
	Proportional fair

	CSI reporting
	10 ms between two consecutive reports, 6ms delay

	Discovery burst periodicity
	40 ms

	CSI-RS feedback periodicity
	10 ms

	Channel estimation
	Realistic MMSE-IRC

	Link adaptation
	Realistic
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Figure 6: Mean user throughput (left) and resource utilization at Macro layer (right) versus served traffic for Schemes 1 to 4 as well as transmission without ON/OFF for Scenario 2a with CSO=0dB, 4 small cells/cluster, Random CRS shift, TM10 and 0.1 Mb FTP packets. Note: In Scheme3* updated CQI is always assumed as compare to Scheme 3 where outdated CQI is assumed when applicable.
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Figure 7: Mean user throughput (left) and resource utilization at Macro layer (right) versus served traffic for Schemes 1 to 4 as well as transmission without ON/OFF for Scenario 2a with CSO=0dB, 4 small cells/cluster, Random CRS shift, TM10 and 0.5 Mb FTP packets. Note: In Scheme3* updated CQI is always assumed as compare to Scheme 3 where outdated CQI is assumed when applicable.
� In the previous evaluations provided in � REF _Ref386565146 \r \h ��[1]� for simplicity it was assumed that updated CSI feedback is always available. This assumption is reviewed here to understand the impact of outdated CSI report on the performance. 





