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1. Introduction
Since RAN1 #74 meeting, various small cell on/off schemes were presented and the evaluation results of different transition times from tens of milliseconds to hundreds of millisecond and even in the order of seconds were provided. For semi-static on/off schemes, many companies observed quite significant gain with transition time no longer than 100ms [1].  In RAN1 #74b meeting, there was a lengthy discussion about the backward compatibility of semi-static small cell on/off with reduced transition time and discovery and measurement enhancement in DL in cell off state. Finally, it has been agreed that, 
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme.
· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting.
In this contribution, we further discuss the backward compatibility of semi-static small cell on/off with reduced transition time and the related procedures to reduce the transition time  
2. Backward compatibility of semi-static small cell on/off 

2.1 Discussion on backward compatibility
As is captured in [2], backward compatibility, i.e. the possibility for legacy UEs to access a small-cell, is desirable for small cell deployments. Whether semi-static small cell on/off could be considered to be backward compatible and how to operate in a backward manner was raised by companies in last meeting.
According to evaluation results presented in last two RAN1 meetings, the performance gain of semi-static small cell on/off highly depends on the transition time. The ideal small cell on/off based on packet call arrival/completion with 0ms transition time provides most significant gain and small cell on/off with transition time less than 100ms provides large gains. Generally, the shorter the transition time is, the better the performance achieved.

However, short transition times could not be achieved by legacy UEs, and there for implementing cell on/off would impact the legacy UEs.  For a legacy UE in CONNECTED mode, the serving small cell should be always on and at least transmit PBCH/SIBs and PSS/SSS/CRS in a legacy way. The small cell could be turned off only if the legacy UE changed to IDLE mode or the legacy UE is handed over to a new cell or the small cell is deactivated if the legacy UE could support CA. Consequently, for a small cell with the presence of CONNECTED mode legacy UE, the on-to-off transition time would be about 34ms considering the Scell deactivation delay to 90ms considering the handover preparation delay and RRC reconfiguration delay. Therefore, if the on-to-off transition time is made less than 34ms or 90ms, the service of CONNECTED mode legacy UE will be interrupted which is not desirable.
As for off-to-on transition time, since legacy UE could not correctly detect the discovery/measurement signal transmitted by an off cell, legacy UEs could not enjoy the benefit of any faster off-to-on transition based on a DL discovery/measurement signal from dormant cells. Nevertheless, semi-static small cell on/off still could support legacy UEs but with less gain by using UL-based discovery/activation which is specification transparent from a UE point of view. It should be possible to provide new UEs with faster discovery/activation.
For legacy UEs in IDLE mode, mechanisms specified in Rel-8 could provide sufficient support of IDLE mode for semi-static small cell on/off [3], e.g. by cellBarred information in SIB1. Thus, it seems the transition time has not much impact on IDLE mode legacy UEs.
To improve the system performance as well as keep backward compatibility, it is desirable that the enhancement of semi-static small cell on/off focuses on the feasible time scale, i.e.  the on to off transition time is as short as possible but sufficiently long to allow transmission to legacy UEs. 
2.2 Evaluation on semi-static on/off with the presence of legacy UEs
To investigate the benefit of semi-static small cell on/off which operates in the backward compatible manner, we have evaluated the performance with presence of legacy UEs. In our simulation, the small cell on/off is based on UE packet arrival/completion. It is assumed if a small cell has at least one legacy UE in coverage, the on-to-off transition time is 150ms even if the legacy UE has no traffic at that time. It could be considered as the worst case of on-to-off transition to keep backward compatibility. For off-to-on transition time, the legacy UE starts transmission only after the cell has been turned on for 1000ms. For small cells which have only Rel-12 UEs in coverage, the off-to-on transition time is 40ms and 100ms respectively and on-to-off transition time is 40ms. Different percentage of legacy UEs is investigated.
To get more comprehensive understanding of the impact, we firstly show the results of percentage of ‘Off’ time with different typical transition time. As is shown in Table 1, in the case of low traffic load (RU=20%), up to 70% of subframes are turned off with 40ms delay for both off-to-on transition and on-to-off transition when all UEs are Rel-12 UEs. The percentage of ‘off’ time decreases with the increase of legacy UEs. About 46% subframes are turned off with 50% legacy UEs and (100, 40) ms delay of Rel-12 UEs. The presence of legacy UE increases ‘on’ time of a cell because the waiting time before the transmission of legacy UE is relatively much longer than Rel-12 UE. Particularly for low traffic load case, it would be very likely the small cell is off when the packet arrives.  Besides, larger percentage of legacy UEs leads to higher probability a small cell has at least one legacy UEs in coverage which also increases average ‘on’ time of all small cells.
With medium traffic load (RU=40%), about 43% subframes are turned off for best case and 29% subframes are turned off for worst case. The percentage of ‘off’ subframes decreases due to more frequently arriving packets. The impact of the presence of legacy UEs is less obvious than that for low traffic load.
Table 1 Percentage of ‘Off’ time (fixed (1000, 150)ms transition times for Legacy UE)
	Transition time of Rel-12 UE (off->on, on->off) ms
	ratio of  Legacy UE and Rel-12 UE
	Off  time/Total simulation time Per Small cell

	
	
	RU=20%
	RU=40%

	(40,40)
	(0%: 100%)
	70%
	43%

	(100,40)
	(0%: 100%)
	61%
	37%

	(40,40)
	(20%: 80%)
	63%
	39%

	(100,40)
	(20%: 80%)
	54%
	33%

	(40,40)
	(50%: 50%)
	49%
	32%

	(100,40)
	(50%: 50%)
	46%
	29%


Table 2-1 to 2-3 show the UPT which includes the waiting time for the transition from “off to on”. For the case of no presence of legacy UEs, the interference is dramatically reduced and up to about 31.4% UPT gain for SC UEs is observed for the case of low traffic load. With 20% percentage of legacy UEs, the gain slightly degrades. About 21.6% and 10.1% gain for SC UEs with (40, 40)ms and (100, 40)ms latency is observed. With 50% percentage of legacy UEs, the gain vanishes. About 5.1% and 9.2% performance loss is observed respectively compared to the non on/off baseline. It is aligned with the “off” time percentage in table 1, because less opportunity to turn off the cell leads to worse interference situation. For the case of medium traffic load, the similar trend could be observed. But neither the UPT gain nor the loss is as obvious as that with low traffic load because of the less frequent on/off transitions.

The performance degradation from applying on/off for the legacy UEs  is not only due to larger interference caused by fewer opportunities to turn off the cell, but also due to a larger denominator term because of the relatively much longer waiting time of legacy UEs compared to Rel-12 UEs.
Observation 1: Semi-static small cell on/off is not backwards compatible, if cells serving legacy UEs are semi-statically activated/deactivated with the shortest possible transition time.
Table 2-1 Gain of semi-static small cell on/off with feasible time scale (transition time is considered in UPT) with 0% legacy UE and 100% Rel-12 UE
	Transition time of Rel-12 UE (off->on, on->off) ms
	Average UPT gain of semi-static on/off compared to the baseline

	
	RU=20%
	RU=40%

	
	Macro+SC
	Only SC
	Macro+SC
	Only SC

	(40,40)
	28.1%
	31.4%
	16.2%
	19.1%

	(100,40)
	14.7%
	16.2%
	9.7%
	11.4%


Table 2-2 Gain of semi-static small cell on/off with feasible time scale (transition time is considered in UPT) with 20% legacy UE and 80% Rel-12 UE. Legacy UE transition times (1000, 150) ms
	Transition time of Rel-12 UE (off->on, on->off) ms
	Average UPT gain of semi-static on/off compared to the baseline

	
	RU=20%
	RU=40%

	
	Macro+SC
	Only SC
	Macro+SC
	Only SC

	(40,40)
	18.2%
	21.6%
	10.7%
	12.9%

	(100,40)
	8.2%
	10.1%
	6.1%
	8.6%


Table 2-3 Gain of semi-static small cell on/off with feasible time scale (transition time is considered in UPT) with 50% legacy UE and 50% Rel-12 UE. Legacy UE transition times (1000, 150) ms
	Transition time of Rel-12 UE (off->on, on->off) ms
	Average UPT gain of semi-static on/off compared to the baseline

	
	RU=20%
	RU=40%

	
	Macro+SC
	Only SC
	Macro+SC
	Only SC

	(40,40)
	-3.2%
	-5.1%
	-2.5%
	-4.8%

	(100,40)
	-8%
	-9.2%
	-4.6%
	-7%


It should be noted that it is the worst case corresponding to the scenarios in which the legacy UE could not depend on a coverage layer, e.g. there is no macro cell coverage or the legacy UE is non-CA capable.  For the case with support of a macro cell, the legacy UE could receive packets on the macro cell if the small cell is turned off. Therefore, at least when the small cell is configured as a Scell, semi-static small cell on/off with reduced transition time could improve the performance of the whole system.

Another approach to evaluate the performance of small cell on/off with the presence of legacy UE is that the small cell has only Rel-12 UE could be semi-statically turned on/off while the small cell which has at least one legacy UE in coverage will be always on, i.e. could not be turned off. Table 2-4 and 2-5 shows the UPT with 20% and 50% legacy UE respectively. Although the performance gain decreases with the increase of legacy UE percentage, we could still observe >5% average UPT gain for both low and medium load. It is noticed that the performance of legacy UE is always better than Rel-12 UE, especially with low load. This can be explained by two factors:

· Some of the neighboring cells of a cell serving a legacy UE may be turned off, reducing CRS interference

· A transmission to a legacy UE could start immediately when the packet arrives because the small cell serving a legacy UE is never turned off, while Rel-12 UE typically has to wait to turn on the small cell which is quite frequently turned off in low load.
Besides, it is also noticed that with small percentage of legacy UE, the performance of legacy UEs is almost the same or even slightly better than Rel-12 UEs with no legacy UEs. It seems though the always-on small cell causes CRS interference, it does not necessarily lead to obvious performance loss to all UEs considering that some UEs served by such a small cell could transmit packets immediately. Therefore, keeping a proper number of small cells always on in a cluster could provide some tradeoff between interference and transmission latency.
Observation 2: Semi-static small cell on/off can be fully backwards compatible, provided cells serving legacy UEs are always active.
Observation 3: At least when the small cells are deployed with a macro layer, and with cells serving legacy UEs always active, semi-static small cell on/off with reduced transition time improves the system performance.
Table 2-4 Gain of semi-static small cell on/off with feasible time scale (transition time is considered in UPT) with 20% legacy UE and 80% Rel-12 UE. Cells serving legacy UEs are always activated.
	Transition time of Rel-12 UE (off->on, on->off) ms
	Release of UEs
	Average UPT gain of semi-static on/off compared to the baseline

	
	
	RU=20%
	RU=40%

	
	
	Macro+SC
	Only SC
	Macro+SC
	Only SC

	(40,40)
	All UEs
	21.5%
	26.2%
	12.9%
	13.3%

	(40,40)
	Only Legacy UEs
	23.1%
	32.2%
	13.2%
	13.6%

	(40,40)
	Only Rel-12 UEs
	21.2%
	24.2%
	12.7%
	13.1%

	(100,40)
	All UEs
	13.5%
	15.4%
	8.4%
	9.2%

	(100,40)
	Only Legacy UEs
	21.3%
	30.5%
	12.9%
	13.2%

	(100,40)
	Only Rel-12 UEs
	12.6%
	14.7%
	8.2%
	9%


Table 2-5 Gain of semi-static small cell on/off with feasible time scale (transition time is considered in UPT) with 50% legacy UE and 50% Rel-12 UE. Cells serving legacy UEs are always activated.
	Transition time of Rel-12 UE (off->on, on->off) ms
	Release of UEs
	Average UPT gain of semi-static on/off compared to the baseline

	
	
	RU=20%
	RU=40%

	
	
	Macro+SC
	Only SC
	Macro+SC
	Only SC

	(40,40)
	All UEs
	15.1%
	18.8%
	6.3%
	7.2%

	(40,40)
	Only Legacy UEs
	15.3%
	20%
	7.5%
	8.4%

	(40,40)
	Only Rel-12 UEs
	14.8%
	17.8%
	5.2%
	6.1%

	(100,40)
	All UEs
	12.2%
	15.6%
	5.2%
	6%

	(100,40)
	Only Legacy UEs
	14.5%
	19.4%
	6.1%
	8.2%

	(100,40)
	Only Rel-12 UEs
	8.3%
	10.6%
	4%
	4.9%


3. Mechanism to support semi-static on/off with feasible time scale
It was concluded that dormant mode based on the currently existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.  A cell could go into the dormant mode for energy saving, which could last up to several hours.  No signal is transmitted in the dormant mode except possibly in a probing interval in which a dormant cell temporarily wakes up and transmit reference signals to enable UE measurements (e.g. for the inter-RAT case). New signaling has been introduced since Rel-10 to support the indication to neighbour eNodeBs when a cell switches to the dormant mode or turns back into the active state from the dormant mode, and the cell activation request to neighbour cells in the dormant state [4].
As is shown by many companies, semi-static on/off based on packet call arrival/completion with transition time larger than 100ms can offer low or no gains, and even some performance loss is observed for some cases. Unfortunately, according to the legacy procedure, the time duration before a UE can use a just turned on small cell could be in the order of hundreds of millisecond to seconds. Because there is no signal transmission in dormant mode specified by RAN3, a UE cannot detect or measure the turned off cell by legacy mechanism until the cell is turned on and the necessary signals to aid cell detection and measurement are transmitted.
On the other hand, significant gain is observed with transition time less than 100ms. Considering the transition time could be reduced less than 100ms only if cell detection and measurement could be carried out even when the small cell is off, it is proposed to support a DL-based cell activation mechanism, i.e. DL discovery/measurement signal is transmitted in a burst with long interval by an off cell and the UE could measure an off cell based on the DL discovery signal.
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Figure 1 DL-based discovery and activation of “off” cells

DL-based cell activation mechanism looks similar to the probing mechanism envisaged for the inter-RAT case in RAN3 with respect to the aspect of burst transmission of reference signals, but simply reusing the probing mechanism to support small cell on/off could not meet all the requirements of small cell on/off as studied in RAN1. The most important design target of RAN1 is interference avoidance to improve the whole system capacity. In probing interval defined by RAN3, the dormant cells could be partially on which transmit PSS/SSS/CRS in a legacy way and the duration of legacy PSS/SSS/CRS lasts for no less than 800ms to meet the requirements of legacy cell discovery and measurement. Thus, the resulting interference may exist in every subframe and needs to continue for a significant duration. Furthermore, it is likely that several or all dormant cells within the coverage cell could be partially on to harvest the offloading potential when the coverage cell detects high load. In that case, the interference from PSS/SSS/CRS would be severe due to multiple interferers, especially for dense small cell deployment. 

Observation 4: There is some similarity between dormant mode operation specified by RAN3 and semi-static small cell on/off studied by RAN1 now, but the RAN3 mechanism alone could not meet all the small cell requirements in RAN1.

Proposal 1: Discovery and measurement enhancement in DL in an off cell, in addition to current RAN3 mechanisms, are required to support semi-static small cell on/off transition time reduction for performance improvement. 
4. Conclusions
In this contribution, we firstly discussed whether semi-static small cell on/off with reduced transition time is backward compatible. Then, we discussed whether current RAN3 mechanisms could well support semi-static small cell on/off with reduced transition time to fully meet the requirements of small cell study in RAN1. We also provided evaluation results of different transition time with the presence of legacy UEs. We have the following observations and proposals,
Observation 1: Semi-static small cell on/off is not backwards compatible, if cells serving legacy UEs are semi-statically activated/deactivated with the shortest possible transition time.
Observation 2: Semi-static small cell on/off can be fully backwards compatible, provided cells serving legacy UEs are always active.
Observation 3: At least when the small cells are deployed with a macro layer, and with cells serving legacy UEs always active, semi-static small cell on/off with reduced transition time improves the system performance.

Observation 4: There is some similarity between dormant mode operation specified by RAN3 and semi-static small cell on/off studied by RAN1 now, but the RAN3 mechanism alone could not meet all the small cell requirements in RAN1.
Proposal 1: Discovery and measurement enhancement in DL in an off cell, in addition to current RAN3 mechanisms, are required to support semi-static small cell on/off transition time reduction for performance improvement.
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Appendix A
Table A1 Simulation assumptions
	Parameters
	Assumption

	Scenario 
	2a

	Number of macro cell
	7

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	10

	Number of UEs
	30 UEs / Macro cell area 

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Number of bandwidth
	10MHz

	Traffic model
	FTP model 3

	Traffic load (RU)
	20%, 40%

	UE receiver 
	MMSE+IRC

	Cell association 
	Realistic RSRQ + 0 dB bias

	MBSFN configuration 
	0 subframe

	Semi-static on/off criterion
	Packet arrival/completion

	Ratio of legacy UE and Rel-12 UE
	0%: 100%, 20%: 80%, 50%: 50%

	Time before a Rel-12 UE can use a just turned on small cell 
	40, 100 ms

	Time to turn off a cell with no Rel-8 UE
	40ms

	Time before a Rel-8 UE can use a just turned on small cell 
	1000 ms

	Time to turn off a cell with  Rel-8 UE
	150ms
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