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After RAN1#74 meeting, email discussion on the time scales for evaluations of small cell ON/OFF using up to Rel.11 function was held. Following value of the order was discussed.
	Cases
	Explanations
	Time scales of ON/OFF

	1
	Time before a UE without CA capability can use a just turned on small cell
	2000 to 4000 ms order
The major delay is the time to detect new cell by UE inter-frequency measurement.

	2
	Time before a UE without CA capability can use an already on small cell
	100 to 150 ms order

	3
	Time before a UE with CA capability can use a just turned on small cell as SCell. More than CP length level synchronization between macro and small cell
	500 to 1000 ms order
The major difference from case 1 is intra-frequency measurement.

	4
	Time before a UE with CA capability can use an already on small cell as SCell
	80 to 120 ms order

	5
	Time required switching off a cell. All UEs in a small cell were RRC_CONNECTED and no Idle UE present in a cell. All UEs already reported measurement report as the target neighbor cells.
	100 to 150 ms order


Following is the file used to exchange the views on the time scale to obtain above numbers.
Following is basic numbers used for the calculations.
	
	
	

	A
	Time to detect new cell by UE intra freq measurement
Tbasic_identify_E-UTRA_FDD, intra is 800 ms (TS36.133 section 8.1.2.2.1)

This is worst case. Proposed value is 200ms as the value used for this evaluation. No DRX case.
[Samsung] We assume the value here should be based on legacy mechanism of PSS/SSS/CRS detection.  It is unclear why 200ms is chosen for a typically interference limited scenario, could you please clarify? We think a value between 400-800ms can be considered, but would like to hear more views.
Panasonic) 200ms is just chosen as possible starting point of the discussion after some offline. I'm open to the suggestion and would also like to hear more views. Probably, the value obtained in the discovery signal discussion (email discussion of [73-05]) could be used at the end. To use the range of the value is one way but I thought the following calculation gets more complicated. On the other hand, one of the important in this discussion is to have some common understanding on the accuracy of the order. If there is 100 to 200ms order of the uncertaintly, to discuss exact detail of 1ms order would be not so important. To have the range of the value would help such discussion. Then I agree to use the range of the value. 
	200ms->[400-800]ms

	B
	Time to detect new cell by UE inter freq measurement (TS36.133 section 8.1.2.3.1)

TBasic_Identify_Inter = 480 ms as worst case. Proposed value is 120ms for the calculation. If the number of inter-frequency measurement is one, Nfreq =1. Tinter1=60ms Then 120*(480/60)*1= 960ms. No DRX case.
[Samsung] Similar as A, it is unclear if we should pick an optimistic value. Perhaps a value between 1920 – 3840ms can be considered, but would like to hear more views.
Panasonic) Similar as A. 120ms is starting point of the discussion and open to suggestion.
	960ms->[1920-3840]ms

	C
	Time to measure RSRP/RSRQ and reporting with measurement gap without DRX without L3 filtering. (TS36.133 section 8.1.2.3.1.1.1.3) 1 inter-frequency measurement is assumed. Then.
TMeasurement_Period_Inter_FDD = 480ms.
[Samsung] OK
	480ms

	C2
	[Samsung] We think that another row on time to measure intra freq is needed. 
Panasonic) I agree. The reason not to describe further was I didn't use C related numbers at the end. 
	200ms

	C3
	[Samsung] We think that another row on time to send measurement report is needed. Including 1ms transmission time and assuming 0.1 HARQ operating point: 1 (time for first transmission) + 0.1*8 (HARQ delay) + 1 (time for second transmission)  ~ 2ms
Panasonic) As reporting delay in TS36.133 is described as following (TS36.133 8.1.2.3.1.1.1.3) 
The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH . The delay uncertainty is: 2 x TTIDCCH. This measurement reporting delay excludes a delay which caused by no UL resources for UE to send the measurement report.
Therefore, depending on the traffic situation. the delay to obtain UL resource i.e. the delay from scheduling request to the assinged PUSCH would ba also required. (average delay of periodic SR availability, SR to PDCCH delay, PDCCH to PUSCH). On the other hand, having uncertainly of 100ms order in A and B, it might not so important to discuss this value further. .
[Samsung2] I agree as the number is small, it is not important to discuss further.
	2ms

	C4
	[Samsung] Handover preparation (decision) time of 50ms should be included for inter-eNodeB handover (TR 36.839). For intra-eNodeB handover (between two RRHs), handover preparation time should be shorter, proposed to be 5ms.
Panasonic) Thanks for good proposal. I didn't thought TR36.839. 5ms for intra is good to starting number.
	50ms (inter-eNB)

5ms (intra-eNB)

	D
	RRC DL command procedure delay of LTE handover 

RRC connection re-configuration (intra-LTE mobility) (TS36.331 section 11.2)
[Samsung] OK
	15ms

	E
	Handover interruption time (TS36.133 section 5.1.2.1.2)

Tsearch = 0 ms, TIU is captured already in IDLE/CONNECTED transition.
[Samsung] TIU should be 0.5ms (average delay due to RACH scheduling period is 0.5ms [Table 16.5-1 of 36.912]).
Panasonic) OK.
	20.5ms

	E1
	[Samsung] Delay from preamble detection to the first transmission of DL data (Table 16.5-1 of 36.912).
Panasonic) OK
	8ms

	F
	IDLE to CONNECTED transition

(TS36.912 B.1.1.1-1)
	80ms

	G
	CONNECTED, UL initiated, unsynchronized(RACH based initialization) 
(TS36.912 B1.2.1.2)
	14.5ms

	H
	CONNECTED, UL initiated, synchronized(PUCCH based initialization) 
(TS36.912 B1.2.1.1)
	11.5ms

	I
	CONNECTED, DL initiated, unsynchronized(PDCCH triggered and RACH based) (TS36.912 B1.2.1.4)
	17.5ms

	J
	CONNECTED, DL initiated, synchronized(PDCCH based initialization) 
(TS36.912 B1.2.1.3)
	0ms

	K
	[Samsung] SCell activation delay
	13ms


Proposal is to focus sceanrio 2a and only connected mode mobility (handover and SCell). It assumes the timing difference between macro and small cells are more than CP length. 
Case 1. 
Time before a UE without CA capability can use a just turned on small cell
UE without CA capability was RRC_CONNECTED served by macro cell without DRX in macro frequency.
B+ D+E+F=960+15+20+80= 1075 ms 
[Samsung] IDLE to CONNECTED transition delay (80ms) should not be used (UE is in RRC_CONNECTED throughout HO). Measurement report transmission delay should also be included. After the 20ms interruption time, there is an additional 8ms from preamble detection to the first transmission of DL data (according to Table 16.5-1 of 36.912).

B+C3+D+E+E1= [1920 to 3840] +2+15+20.5+8 = [1965.5 to 3885.5]ms (intra-eNodeB).

B+C3+C4+D+E+E1= [1920 to 3840] +2+50+15+20.5+8 = [2015.5 to 3935.5]ms (inter-eNodeB).
Panasonic) I agree IDLE to CONNECTED transition delay should not be used. It is just lazy calculation taking into account the required order of the calculation accuracy determined by B and some margin. To modify as above is better. 
Network internal procedure delay is added. The value varies depending on the mainly backhaul delay.
If number of UEs in a cell is not one, multiple RRC message interactions are required. This delay is added.

Proposal: 1100 ms
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Case 2.
Time before a UE without CA capability can use an already on small cell
UE without CA capability was RRC_CONNECTED served macro cell without DRX in macro frequency
Assumes UE already detects the cell and report it in advance. This is the difference compared with Case 1.
D+E+F=15+20+80= 115 ms
[Samsung] IDLE to CONNECTED transition delay (80ms) should not be used (UE is in RRC_CONNECTED throughout HO).

C4+D+E+E1=5+15+20.5+8 = 48.5ms (intra-eNodeB)

C4+D+E+E1=50+15+20.5+8 = 93.5ms (inter-eNodeB)
Panasonic) Intra-eNodeB case require 5ms delay of C4?
[Samsung2] Yes, you are right. Modified above.
Network internal procedure delay is added. The value varies depending on the mainly backhaul delay. 
If number of UEs in a cell is not one, multiple RRC message interactions are required. This delay is added.
Proposal 140 ms
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Case 3. 
Time before a UE with CA capability can use a just turned on small cell as SCell. More than CP length level synchronization between macro and small cell.
UE with CA capability was RRC_CONNECTED without DRX in macro frequency. 
SCell was activated (RRC is already configured) even before RSRP/RSRQ measurement. When the SCell is activated, measurement performance requirements for the frequency are those given in clause 8.1.2.2 (E-UTRAN intra frequency measurements) according to TS36.133 section 8.3.3.1.
More than CP length timing difference among macro and small cells are assumed. The detection and the first RSRP/RSRQ reporting delay are assumed as intra-frequency detection delay. This is A in the above table 200 ms.
PDCCH triggered SCell PRACH procedure is carried out. The value of I is used for the similarity. Then 17.5ms. 200 +  17.5 = 217.5 ms
[Samsung] Include measurement report transmission delay

C2+C3+I = 200+2+17.5 = 219.5 ms 
Panasonic) The target cell was OFF. Then the delay to detect new power-on cell is required. It is not the time to the RSRP/RSRQ measurement delay of the detected cell. When SCell is activated situation of UE, the delay to detect new cell is same as intra frequency measurement. Therefore,
A + C3 + I = [400 to 800] + 2 + 17.5 ms = [419.5 to 819.5] ms.
[Samsung2] I think I may have misunderstood this case. I now understand that this is the case where the target small cell was OFF for a long period of time, but the UE already has another small cell (on the same freq) configured as an activated SCell (please correct me if I am wrong). If so, I think there is SCell reconfiguration delay + SCell activation delay (default state of SCell is deactivated after configuration) if the network wishes to use the new small cell as SCell. If inter-eNB is involved, then there can be additional delay with inter-eNB processing delay, and delay similar to handover delay. This is really the same as the time for UE without CA, initially served by a small cell, but wants to use a just turn-on small cell. 
A+C3+C4+D+E+E1+I+K = [400 to 800]+2+5+15+20.5+8+17.5+13 ms = [481 to 881] ms (intra-eNodeB).
A+C3+C4+D+E+E1+I+K = [400 to 800]+2+50+15+20.5+8+17.5+13 ms = [526 to 926] ms (inter-eNodeB).
Panasonic 2) I agree this is the case where the target small cell was OFF for a long period of time. I thougtht two possibilities. One option is, as you said, the UE already has another small cell on the same frequency is configured as an active SCell. Then I agree what you wrote above basically. What I wondered are following points. 

- Handover preparation delay (C4) may be not necessary as the network can prepare it during the period of A as the mobility is already kept by PCell. 
- SCell is active or not is per UE SCell frequency related configuration and SCell is activated beforehand. Therefore, Scell activation delay (=K) is not necessary to be added. 
What I thougtht was a bit tricky operation. The UE already has the target small cell on the same frequency is configured but not utilized until UE report or detect the cell is ON. RLF is not defined for SCell. Therefore I thought it is one possibility. The time to detect new cell (=A), the time to send measureemnt report (C3) and the time of DL initiateted RACH based behaviour (=I) are only used. So   RRC DL command procedure delay was not added. The difference between more conventional one and tricky one seems the order of 40 to 90 ms order. Although it is not so small number, the major difference between case 1 and case 3 is the difference of A (New ON cell detection without measurement gap, activated status)(400-800ms) and B (New ON cell detection with measurement gap)(1920-3840ms) For this discussion perpose, probably no need to further discuss conventional or tricky operation. We may just conclude A and B are important factor. What do you think?
The sum of the network internal delay before SCell usage and the network internal delay before PDCCH triggered SCell PRACH are assumed the order of 10ms.

New ON Scell's RRC configuration is known before hand, no need to issue RRC message after Scell detection. If it it not, additional 15ms for RRC message delay is required. This part of the delay is assumed to be added as 10ms. 
Proposal 240 ms

If we assume Scell is configured as deactivated for UE power consumption reduction, some more time is necessary for the time to detect SCell (K).
Panasonic) The above delay when Scell is deactivated is not meant as SCell activation delay described as K. It meant the delay described in TS36.133 section 8.3.3.2. RRC configures how often measureemnt is realized as measCycleSCell. measCycleSCell can take the value among {160 ms, 256ms, 320ms, 512ms, 640ms, 1024ms, 1280ms} The worst case performance to detect new cell is 20 x measCycleSCell. Therefore, if measCycleSCell is 160ms, the worst new power on cell detection delay is 3200 ms. So to use the value of B might be one possibility for deactivated status of SCell.
[Samsung2] Agree that it is similar to replacing A with B.
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[Samsung] Case 4. 

Time before a UE with CA capability can use an already on small cell as SCell.
UE with CA capability was RRC_CONNECTED without DRX in macro frequency. 

SCell was activated (RRC is already configured)
RSRP/RSRQ measurement for the SCell is assumed already reported.
Similar to Case 3 except that measurement delay is not included
I + other network internal delay = 17.5 + (~10) = 30 ms
If we assume Scell is configured as deactivated for UE power consumption reduction, some more time is necessary for the time to detect SCell (K).
Panasonic) If it is deactivated, RSRP/RSRQ measureemnnt delay is 5x measCycleSCell according to section 8.3.3.2.1 of TS36.133. But here RSRP/RSRQ measurement is available similar to Case 2. Then this delay is not necessary to take into account. Then I agree above is fine.

[Samsung2] Based on the new understanding of case 3. then we have the following:   
C4+D+E+E1+I+K = 5+15+20.5+8+17.5+13 ms = 79 ms (intra-eNodeB).
C4+D+E+E1+I+K = 50+15+20.5+8+17.5+13 ms = 124 ms (inter-eNodeB).
Panasonic 2) As I described in case 3, I used tricky operation which does not require RRC configuration delay. Whether it is feasible would be not RAN1 expertise. My proposal is to say the value range from 30 to 124ms was discussed.
Case 5.
Time required switching off a cell. All UEs in a small cell were RRC_CONNECTED and no Idle UE present in a cell. All UEs already reported measurement report as the target neighbor cells. 
For a UE, D is required. It is repeated for all UEs in a cell. 

Proposal 50ms
[Samsung] For UE without CA, this requires handover procedure. Therefore this is similar to Case 2.
Panasonic) For a UE perspective, the delay when traffic can be continued is the issue. Then I agree to use case 2. Assuming FTP traffic model 1 or 3, the simulatioon may want to switch off the cell when there is no ttraffic. I assumed the cell is ON until the data is finished for a UE perspective. How long the cell can be kept ON after no traffic would be parameter for the simulation but at least 50ms need to be kept On is the proposal of this case. In this case, this value is not from a UE perspective but from a cell perspective. 
[Samsung2] In our understanding, even from the cell’s perspective, the cell has to be kept ON until UE context release is received by the source cell. This step happens after the UE has successfully received DL data from the target cell (Fig 10.1.2.1.1-1 of 36.300).  
Panasonic 2) For the protection of the handover failure, I agree the cell has to be kept ON until successful of the harndover. My descripted behaviour seems again a bit tricky as it seems to assume higher successful rate of the handover. I'm fine to use the number same as case 2.
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