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1   Introduction
In RAN1#76bis, several proposals related to small cell on/off were discussed and some conclusions were made related to candidates for new L1 procedure for activated SCell to further reduce the transition time, and guidelines to study them.

In [1] we described the details related to the baseline small cell on/off procedure based on existing CA activation/deactivation signalling, and compared it with ‘fast on/off schemes’ to further reduce transition time proposed in RAN1#76. In this document, we compare the baseline scheme with some of the other proposals presented in RAN1#76bis. 
2   Discussion

In section 2.1 we discuss the baseline Scell on/off procedure based on existing CA activation/deactivation signalling. In section 2.2, we discuss schemes that propose to reduce the transition time via enhanced activation/deactivation commands (e.g. as proposed in [2],[3]), or via indication of cell/off status either explicitly using DCI signalling (e.g. as proposed in [4],[5]) or implicitly based on UE determination of presence/absence of reference signals (e.g. as proposed in [4]). 
2.1 Scell ON/OFF based on existing CA activation/deactivation signalling
For Scells, the most straightforward option is to associate the “ON” vs. “OFF” status of a cell with “Activated” vs. “Deactivated” status of UEs served by that cell. The existing signalling mechanism for Scell activation/deactivation is MAC CE based method agreed in LTE Rel10. We consider this as the baseline scheme for Scell on/off and compare other proposed candidate schemes with it in terms of performance, specification impact, and UE power consumption. 
As discussed in [1], T_off_to_on_delay (i.e., the delay between the subframe when data is available in the eNB MAC buffer, and the subframe where eNB can schedule the UE on the Scell
) for the baseline scheme will be between 8ms and 24ms
 based on UE implementation and receiver status. This delay includes: a) signalling delay to process the MAC CE (typically this is assumed to be 6ms), and b) delay related to UE hardware operation, i.e., time taken for AGC loop and time-frequency tracking filters to settle (e.g. see [6], [7] and associated RAN4 discussions). The delay related to UE hardware operation is computed assuming that the UE Scell RF chain is turned off for power savings when the Scell is deactivated. 
When compared to ‘Ideal on/off scheme’ (i.e., Scell transmits CRS only in subframes when data transmissions are made, and the UE is able to instantaneously receive the data without any signalling or hardware delay), the baseline scheme will have a degradation in UE throughput mainly due the unavailability of the Scell during the activation procedure
. As we mentioned in [1], the Pcell is however available for scheduling during most of the Scell activation time. Preliminary simulation results (see Annex A) indicate that the average user throughput of the baseline CA activation/deactivation based on/off scheme including Pcell availability for scheduling will be within 7-12% of ‘Ideal on/off scheme’. Cell edge user throughput performance will be within 0-2% of ideal on/off scheme.
Several schemes to reduce the off(on transition time (i.e., effectively, to reduce the performance gap between the ideal on/off scheme and baseline scheme) have been proposed in RAN1#76bis (e.g. [2],[3],[4],[5]) . We discuss those schemes in the following section. 

2.2 Scell ON/OFF with ‘reduced transition time’
Enhanced CA activation deactivation commands
 [2] proposes transmission of new L1 activation/deactivation signalling from Pcell since Pcell is always ON and there is ideal backhaul between Pcell and Scell. Similarly, [3] proposes enhancing the signalling of Scell activation/deactivation for a group of UEs by L1 signalling. 

The primary advantage of such schemes is reduction in the signalling delay during activation. As discussed earlier, for the existing MAC CE based activation/deactivation, the signalling delay is generally assumed to be 6ms (4ms for processing PDSCH carrying the MAC CE and transmitting the related HARQ-ACK and ~2ms for higher layer processing). With the proposed L1 based activation deactivation, the signalling delay can be reduced to 1-2ms resulting in a transition time reduction of 4-5ms. 
The disadvantages of these schemes are a) decreased reliability of activation/deactivation and resulting performance degradation and b) at least the group based scheme proposed in [3] adds to additional congestion of common search space. These schemes will have the same UE hardware based delay (which is a bigger component in the activation delay assuming the worst case 24ms activation time) as that of the baseline scheme.
Simulation results in Annex A show that the average user throughput gain obtained from such a small reduction in delay is not very high (1-2%). If the degradation due to unreliable L1 transmission is taken into account, the performance difference between these schemes and the baseline scheme is expected to be even smaller. Considering these aspects, our preference is to not enhance Rel10 activation signalling design. More appropriately, since L1 based activation/deactivation signalling was discussed in Rel10 and not agreed, our preference is to not revisit the Rel10 decision.

Determination of Scell on/off via blind reference signal detection or new DCI commands
[4] and [5] propose DCI based signalling to indicate the on/off status of the Scell. [4] also proposes an alternative approach where the UE determines the on/off status of the Scell via blind determination of CRS presence/absence.
The primary difference of these schemes from the baseline scheme is that they decouple Scell ‘activation/deactivation state’ and Scell ‘on/off state’ from a UE perspective.  That is, an activated Scell can be either ON or OFF.  

In current CA implementations, the UE can transition its Scell receiver to a low power state when the Scell is deactivated. Upon reception of activation command, the UE hardware is allowed some time to prepare the receiver for accurate PDSCH demodulation (assuming 6ms for activation MAC CE processing, the hardware is allowed up to 18ms for worst case UE implementation as per requirements in TS 36.133). With the schemes proposed in [4] and [5], if the UE receiver is allowed to transition to a low power state when the Scell is determined to be off (even when the Scell is activated), then the UE hardware is expected to require roughly the same amount of delay (i.e., ~18ms) to prepare the receiver. Given this assumption (i.e., UE’s Scell receiver is in low power state when the Scell is off and activated), the difference in T_off_to_on_delay between the schemes proposed in [4],[5] and the baseline scheme, is primarily driven by the difference in signalling delay. Signalling delay for the baseline scheme is 6ms. So, at best, the schemes in [4],[5] can reduce T_off_to_on_delay  by that amount. i.e., 0- 6ms reduction is possible with these schemes based on how the on/off state is determined by the UE (6ms delay reduction if on/off state is determined by blind detection, smaller or no reduction if DCI signalling is used for on/off indication). Simulation results in Annex A show that the performance gain obtained from such a small reduction in delay is not very high (e.g. for a 4ms reduction in delay, average user throughput gain is 1-2%).
The schemes proposed in [4],[5] can be seen to reduce the entire T_off_to_on_delay to zero, only if it is assumed that the UE receiver is always activated and ready to receive data irrespective of whether the Scell is on/off (the Scell transitions between on/off based on data arrival). However, if the UE’s Scell receiver is always activated, even the baseline scheme will not require an activation delay and T_off_to_on_delay will be zero. In our view, such an assumption is unreasonable as it leads to significant power consumption penalty in the UE.

In addition to the above aspects, the schemes proposed in [4],[5] will result in less reliable determination of cell on/off when compared to the MAC CE based signalling used for the baseline scheme. Also, DCI based on/off schemes will increase congestion of common search space on the Pcell.
3   Conclusions

Based on the discussions in the document we observe the following
· Considering that Pcell is available for scheduling during Scell OFF(ON transition, user average throughput performance difference between the baseline scheme assuming worst-case UE implementation and ‘Ideal Scell on/off’ is 7-12%. Cell edge user throughput performance difference is 0-2% depending on cell load (detailed results are given in Annex A).

· ‘Baseline Scheme’ => Scell ON/OFF based on existing CA activation/deactivation signalling (24ms OFF(ON and 8ms ON(OFF transition times).
· ‘Ideal Scell on/off’  => 0ms OFF(ON and ON(OFF transition times
·  Enhanced CA activation deactivation commands via L1 signalling can reduce the T_off_to_on_delay  by ~4-5ms but will have the same UE hardware based delay (which is a bigger component in the activation delay assuming the worst case 24ms activation time) as that of the baseline scheme.
· Considering that Pcell is available for scheduling during Scell OFF(ON transition, the performance gain obtained from such a reduction in delay is not very high (1-2%). 
· If the degradation due to unreliable L1 transmission is taken into account, the performance difference between these schemes and the baseline scheme is expected to be even smaller.
· Schemes that propose separate Scell ON/OFF state detection by the UE (via blind reference signal detection or new DCI commands) decouple Scell ‘activation/deactivation state’ and Scell ‘ON/OFF state’ from a UE perspective. 
· T_off_to_on_delay reduction provided by such schemes depends on the UE power consumption assumption. 
· If same level of UE power consumption as that of baseline scheme is used, these schemes can provide 0- 6ms reduction compared to baseline based on how the ON/OFF state is determined by the UE (6ms reduction in delay if ON/OFF state is determined by blind detection, smaller or no reduction in delay if DCI signalling is used for ON/OFF indication). Considering Pcell is available for scheduling during Scell OFF(ON transition, the performance gain obtained from such a reduction in delay is not very high (e.g. for a 4ms reduction in delay, performance gain is 1-2%)
· In addition to supporting discovery signal based RRM measurements and TA timer maintenance,  these schemes require new UE procedures such as changes to PDCCH/PDSCH demodulation, signalling of cell ON/OFF status on Pcell.

· These schemes will result in less reliable determination of cell on/off state when compared to the MAC CE based signalling used for the baseline scheme. Also, the DCI based on/off indication schemes will increase congestion of common search space on the Pcell.
Proposal: Based on the above observations, we propose that LTE Rel12 UEs should support the Scell on/off procedure based on existing CA activation/deactivation signalling.
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Annex A – Simulation Results

Tables 1-4 provide system simulation results illustrating impact OFF(ON and ON(OFF transition time on overall cell. average throughput and user throughput (mean, 95%le, 50%le, 5%le). Evaluation assumptions are explained in Annex B.

As described in evaluation assumptions, scheduling on Pcell is only allowed if – a) the Scell subframe is not available due to OFF(ON transition and b) no UE is being scheduled on the Pcell on the same subframe. These restrictive (and pessimistic) CA scheduling assumptions were made to simplify simulator implementation. We expect the performance of non-ideal on/off scenarios to better than the results shown here, under more generic CA scheduling assumptions.
Table 1. Ideal Scell ON/OFF (0ms OFF(ON, 0ms ON(OFF).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.99
	37.76
	48.77
	40.70
	16.58
	17.58

	18
	17.99
	34.76
	48.74
	36.64
	12.53
	35.83

	24
	23.93
	31.58
	48.72
	32.63
	6.94
	57.33


Table 2. Scell ON/OFF (24ms OFF(ON, 8ms ON(OFF, with ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.99
	35.03
	48.43
	37.70
	16.34
	17.58

	18
	17.98
	31.41
	47.39
	33.29
	12.34
	35.81

	24
	23.91
	27.71
	45.04
	28.57
	6.91
	57.35


Table 3. Scell ON/OFF (20ms OFF(ON, 8ms ON(OFF, with ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.99
	35.44
	48.44
	38.14
	16.37
	17.59

	18
	17.98
	31.91
	47.48
	33.91
	12.38
	35.80

	24
	23.91
	28.29
	45.42
	29.14
	6.89
	57.34


Table 4. Scell ON/OFF (8ms OFF(ON, 8ms ON(OFF, with ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.99
	36.84
	48.51
	39.91
	16.50
	17.58

	18
	17.98
	33.60
	48.10
	35.69
	12.47
	35.83

	24
	23.92
	30.26
	47.20
	31.23
	6.96
	57.39


Table 5. Scell ON/OFF (24ms OFF(ON, 8ms ON(OFF, no ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.98
	31.76
	43.29
	34.97
	15.55
	17.57

	18
	17.97
	29.05
	40.59
	30.65
	12.01
	35.81

	24
	23.91
	26.07
	38.13
	26.62
	6.85
	57.37


Table 6. Scell ON/OFF (20ms OFF(ON, 8ms ON(OFF, no ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.98
	32.66
	43.29
	36.12
	15.84
	17.57

	18
	17.97
	29.89
	40.67
	31.67
	12.12
	35.82

	24
	23.91
	26.90
	39.62
	27.59
	6.88
	57.41


Table 7. Scell ON/OFF (8ms OFF(ON, 8ms ON(OFF, no ‘Pcell scheduling’).
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RSC_UTIL_Macro (%)

	12
	11.99
	35.65
	44.99
	38.53
	16.27
	17.58

	18
	17.98
	32.74
	44.96
	34.85
	12.43
	35.82

	24
	23.92
	29.66
	44.92
	30.64
	6.92
	57.37
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Figure A1. Average throughput loss compared to Ideal on/off
Annex B – Detailed Evaluation Assumptions

	Parameter
	Assumption/Value

	Cellular layout
	Scenario 2a (assuming ideal back-haul) - Hexagonal grid, 7 macro eNB cell sites, 3 macro cells per site. 4 small cells per-macro cell modelled according to R1-130856

	CA related assumptions
	UE’s for which the best cell is on the macro-layer are not assumed to be configured with CA.

UE’s for which the best cell is on the small cell layer are assumed to be configured with CA (best  macro-layer cell is considered Pcell). 

· For these UE’s, scheduling on Pcell is only allowed if – a) the Scell subframe is not available due to OFF(ON transition and b) no UE is being scheduled on the Pcell on the same subframe. 

· For subframes outside the OFF(ON transition time these UEs are always scheduled on the Scell

· For Scell scheduling, regular link adaptation is used (i.e., using the CQI assumptions given below). For Pcell scheduling during OFF(ON transition, coarse-link adaptation is based on long-term parameters (i.e., path loss) is used.

best cell is determined based on RSRQ with 0dB bias for small cell layer.

	Assumptions for Small cell on/off 
	Cells on the Macro layer are Always ON. Cells on the small cell layer are are transitioned between ON and OFF state based on user traffic arrival and (OFF(ON, ON(OFF) transition times. CRS is assumed to be present during both transition times.

	Traffic model
	FTP Model 1 (0.5MB packet size per user). 

Scenario 2a – Offered load of 12, 18, 24 Mbps modelled.

	PCID Assignment
	Macro cells – planned. Small cells – random.

	MBSFN Subframes
	6 MBSFN subframes assumed for all cases.

	Pilot and Control Channel Overhead
	66000 REs simulated for PDSCH in each radio frame. Remaining REs are set aside for pilot and control channel overhead.

	CQI feedback delay
	4 ms

	CQI subband size
	72 subcarriers (6 RBs)

	UE Receiver 
	MMSE

	Channel Estimation
	Realistic

	Scheduler
	Time and frequency selective Proportional Fair scheduler.

	Control channel model
	Ideal: Control channel errors not modelled.

	Interference modeling
	CRS interference on PDSCH modelled explicitly at subcarrier level. Frequency selective interference from all eNBs/Small cells. Top 15 interferers (top 6 for macro) modelled with both frequency/spatial selective interference and fast fading.

	Link to System Mapping
	MMIB 

	Link Adaptation
	1st transmission BLER target of ~10% achieved for both macro and small cell layers.


Other evaluation assumptions aligned with R1-130856 and R1-132849.
� For the discussions in this document, we assume DRX and CSI measurements are configured such that they do not add to T_off_to_on_delay. Please refer to [1] for discussion on these aspects.


� We do not expect the 32ms minimum requirement in TS 36.133 to apply since the UE is expected to be measuring the Scell using the discovery signal.


� As shown in [8], extra CRS transmissions during ON to OFF transmissions (e.g. even 150ms or 500ms) do not have a significant degradation of performance.
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