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1 Introduction
During RAN2#65bis, the draft skeleton for TR 36.912 [1] was endorsed in R2-092678. RAN2 also discussed during the meeting the latency performance of Release 8 based on the analysis presented in R2-092080 [2]. It was agreed to include in the TR an overview of the current status for Rel-8 as input to the LTE-Advanced latency work. It was also agreed to have an email discussion to review the figures presented in the analysis.

This document summarizes the email discussion and proposes a way forward on this topic:

· Section 2 provides a summary of the changes based on R2-092080 [2];

· Appendix A includes the resulting text proposal to section 10 for TR 36.912;

· Appendix B provides a complete summary for the discussions;

· Appendix C includes a text proposal for user-plane latency for further consideration. 
2 Highlights of the discussion

Ericsson (rapporteur) sent an initial email including text proposal for FDD for LTE Rel-8 based on R2-092080 [2]. Further discussions converged towards the following changes:
· tables and figures for Control-plane latency for TDD were included (based on configuration #1);
· figures for Control-plane latency adjusted to reflect both minimum and average latency, for both FDD and TDD;

· tables and figures for User-plane latency for TDD were included (based on configuration #1);

· figures for User-plane latency adjusted to reflect HARQ BLER of 0% and 10%, for FDD and TDD;

· for TDD, the 2.5 ms processing delay is distributed between transmitter (1ms) and receiver (1.5);
· PRACH timing for DL data resuming was adjusted to reflect that 6ms is needed before UE can first transmit a preamble on PRACH, for both FDD and TDD;
· A note was added to consider additional delay due to resumption of link adaptation for SCH transmissions after synchronization is lost, which requires a reconfiguration for CQI and sounding;
Also, due to lack of time and input from other companies, the rapporteur highlights the following comments received for further considerations by RAN2:

· Should the User-plane analysis be extended to the case where no resources are pre-scheduled, i.e. when data transmission in either UL or DL starts while the UE is synchronized and un-synchronized? See also related proposal in appendix C (T-Mobile);
Note: it was commented that the same analysis for Control-plane (e.g. uplink initiated transition, unsynchronized) could be used without much change; the only difference being receiver processing.

· Should the User-plane analysis use reference points above PDCP? (T-Mobile);

· Should the scope of this activity, which currently aims at getting the status of the LTE Rel-8 performance, be augmented to identify which latency enhancements are feasible prior to LTE-A, especially for the unscheduled case (T-Mobile).

3 Proposed way forward
Based on the above summary, the rapporteur proposes the following way forward:
· To agree on the text proposal to TR 36.912 section 10 in appendix A (at least as the new baseline);
· To further discuss and conclude on the comments listed in section 2 above.

If further discussions lead to changes to the baseline text proposal, the rapporteur can prepare an update for approval. 

4 References

[1]
R2-092678, “Draft Skeleton TR 36.912 for LTE-Advanced”, NTT DoCoMo (LTE-A rapporteur).

[2]
R2-092080 “LTE Advanced Latency Performance”, Ericsson.
5 Appendix A – TP to TR 36.912
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10
Latency performance
10.1
C-Plane latency
10.1.1 
Transition IDLE to CONNECTED
Figure 10.1 provides an example C-plane flow for the IDLE to CONNECTED transition for Rel-8 and is based on the procedure described in sub-clause 7.14.2 of [3GPP TR 23.882]
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Figure 10.1: C-plane activation procedure (example for Rel-8)
10.1.1.1
FDD frame structure

Table 10.2 provide a timing analysis, assuming FDD frame structure, of the flow depicted in Figure 10.1. The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 76ms, with 3ms msg2 window and 1ms PRACH cycle. Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 80ms transition time is achieved.
Table 10.2: C-plane latency analysis for Rel-8 (based on the procedure depicted in Figure 10.1)
	Component
	Description
	Minimum
[ms]
	Average 
[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80


Note 1:
The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
10.1.1.2
TDD frame structure

Table 10.3 provide a timing analysis, assuming TDD frame structure (UL/DL configuration #1), of the flow depicted in Figure 10.1. The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 82.6ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index = 12). Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 84.6ms transition time is achieved.
Table 10.3: C-plane latency analysis for Rel-8 (based on the procedure depicted in Figure 10.1)

	Component
	Description
	Rel-8
	Rel-8
	Rel-8

	
	
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8
	Average [ms]

PRACH in subframe#1/ #6

	
	
	Msg1 in subframe#2 or #7

(probability=0.8)
	Msg1 in subframe#3 or #8

(probability =0.2)
	Msg1 in subframe#1 or #6

	1
	Average delay due to RACH scheduling period
	2
	0.5
	2.5

	2
	RACH Preamble
	1
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment) + delay for nearest DL subframe
	3
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request) + delay for nearest UL subframe
	6
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC) + delay for nearest DL subframe
	6
	6
	6

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1
	1

	9
	Processing delay in the UE (L2 and RRC) + delay for nearest UL subframe
	17
	17
	17

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	2.1
	2.1
	2.1

	17
	Processing delay in UE (L2 and RRC)
	20
	20
	20

	
	Total delay [ms]
	83.1
	80.6
	84.6

	
	Averaged Total delay [ms] (considering the probability of Msg1 transmission location)
	83.1*0.8+ 80.6*0.2=82.6
	N/A


Note 2:
The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
10.1.2 
Transition Dormant to Active

In the dormant state, the UE has an established RRC connection and radio bearers; it is thus known at cell level but may be in DRX to save power during temporary inactivity. The UE may be either synchronized or unsynchronized. For the purpose of the analysis presented in this section, error free transmission of data and signalling is assumed, and the DRX cycle is not considered.
10.1.2.1
FDD frame structure

10.1.2.1.1
Uplink initiated transition, synchronized
Table 10.4 provide a timing analysis, assuming FDD frame structure and a PUCCH allocation for scheduling request of 5ms, of the uplink state transition for a UE with uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for a synchronized UE can be achieved within 11.5ms.
Table 10.4: Uplink initiated dormant to active transition for synchronized UE (error free)

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5

	2
	UE sends Scheduling Request
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	
	Total delay
	11.5


10.1.2.1.2 Uplink initiated transition, unsynchronized
Table 10.5 provide a timing analysis of the uplink state transition for a UE without uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 10.5ms, with 1ms PRACH cycle and a 3ms msg2 window.
Table 10.5: Uplink initiated dormant to active transition for unsynchronized UE (error free)

	Component
	Description
	Minimum [ms]
	Average 
[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3
	Preamble detection and transmission of RA response (Time between the end of RACH transmission and UE’s reception of scheduling grant and timing adj.)
	3
	5

	4
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	5
	5

	5
	Transmission of UL data
	1
	1

	
	Total delay
	10.5
	14.5


Note: 
Transmission of UL data (component 5) uses conservative modulation and coding rates; when the UE became unsynchronized, the sounding configuration is released. In order to resume link-adapted (efficient) UL-SCH transmissions, eNB reconfigures at least uplink sounding, which adds at least 15ms RRC processing delay.

10.1.2.1.3 Downlink initiated transition, synchronized

A UE with uplink synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the uplink initiated for a synchronized UE.
10.1.2.1.4 Downlink initiated transition, unsynchronized
Table 10.6 provide a timing analysis, assuming FDD frame structure, of the downlink state transition for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the downlink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 13.5ms, with 1ms PRACH cycle and a 3ms msg2 window.
Table 10.6: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Minimum [ms]
	Average 
[ms]

	1
	UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6
	6
	6

	2
	Average delay due to RACH scheduling period
	0.5
	2.5

	3
	RACH Preamble
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment)
	3
	5

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment
	2
	2

	6
	Transmission of DL data
	1
	1

	
	Total delay [ms]
	13.5
	17.5


Note: 
Transmission of DL data (component 6) uses conservative modulation and coding rates; when the UE became unsynchronized, the CQI reporting configuration is released. In order to resume link-adapted (efficient) DL-SCH transmissions, eNB reconfigures at least CQI reporting, which adds at least 15ms RRC processing delay.

10.1.2.2
TDD frame structure

10.1.2.2.1
Uplink initiated transition, synchronized

Table 10.7 provide a timing analysis, assuming TDD frame structure (UL/DL configuration#1) and a PUCCH allocation for scheduling request of 5ms, of the uplink state transition for a UE with uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for a synchronized UE can be achieved within 13.5ms.
Table 10.7: Uplink initiated dormant to active transition for synchronized UE (error free)

	Component
	Description
	Time [ms]
	Time [ms]

	
	
	SR in subframe#2 or #7
	SR in subframe#3 or #8

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5
	2.5

	2
	UE sends Scheduling Request
	1
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant + delay for nearest DL subframe
	3
	5

	4
	Transmission of Scheduling Grant
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	5
	3

	6
	Transmission of UL data + delay for nearest UL subframe
	1
	1

	
	Total delay
	13.5
	13.5


10.1.2.2.2
Uplink initiated transition, unsynchronized

Table 10.8 provide a timing analysis, assuming TDD frame structure (UL/DL configuration#1) and RACH cycle of 10ms, of the uplink state transition for a UE without uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 12.5ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index=12).
Table 10.8: Uplink initiated dormant to active transition for unsynchronized UE (error free)

	Component
	Description
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8
	Average [ms]

PRACH in subframe#1/ #6

	
	
	Msg1 in subframe#2 or #7

(probability=0.8)
	Msg1 in subframe#3 or #8

(probability=0.2)
	Msg1 in subframe#1 or #6

	1
	Average delay due to RACH scheduling period
	2
	0.5
	2.5

	2
	RACH Preamble
	1
	1
	1

	3
	Preamble detection and transmission of RA response (Time between the end of RACH transmission and UE’s reception of scheduling grant and timing adj.) + delay for nearest DL subframe
	3
	3
	5

	4
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data) + delay for nearest UL subframe
	6
	5
	5

	5
	Transmission of UL data
	1
	1
	1

	
	Total delay
	13
	10.5
	14.5

	
	Averaged Total delay [ms] (considering the probability of Msg1 transmission location)
	12.5
	N/A


10.1.2.2.3
Downlink initiated transition, synchronized

A UE with uplink synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the uplink initiated for a synchronized UE.
10.1.2.2.4
Downlink initiated transition, unsynchronized

Tables 10.9a and 10.9b provide a timing analysis, assuming TDD frame structure (UL/DL configuration#1), of the downlink state transition for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the downlink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 16.5ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index=12).
Table 10.9a: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8

	
	
	PDCCH in subframe#0 or #5

(probability=0.2)
	PDCCH in subframe#1 or #6

(probability=0.2)
	PDCCH in subframe#4 or #9

(probability=0.6)

	1
	Average delay due to PDCCH transmission
	0.5
	0.5
	1.5

	2
	UE receives dedicated preamble on PDCCH and prepares UL Tx+ delay for nearest PRACH
	7
	6
	8

	3
	RACH Preamble
	1
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment) + delay for nearest DL subframe
	3
	3
	3

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment+ delay for nearest DL subframe
	3
	3
	3

	6
	Transmission of DL data
	1
	1
	1

	
	Total delay [ms]
	15.5
	14.5
	17.5

	
	Averaged Total delay [ms] (considering the probability of PDCCH transmission location)
	16.5


Table 10.9b: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Average [ms]

PRACH in subframe#1/ #6

	
	
	PDCCH in subframe#0 or #5

(probability=0.2)
	PDCCH in subframe#1 or #6

(probability=0.2)
	PDCCH in subframe#4 or #9

(probability=0.6)

	1
	Average delay due to PDCCH transmission
	0.5
	0.5
	1.5

	2
	UE receives dedicated preamble on PDCCH and prepares UL Tx+ delay for nearest PRACH
	6
	10
	7

	3
	RACH Preamble
	1
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment) + delay for nearest DL subframe
	5
	5
	5

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment+ delay for nearest DL subframe
	2
	2
	2

	6
	Transmission of DL data
	1
	1
	1

	
	Total delay [ms]
	15.5
	19.5
	17.5

	
	Averaged Total delay [ms] (considering the probability of PDCCH transmission location)
	17.5


10.2
U-Plane latency
10.2.1
FDD frame structure

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:

DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by

DUP,typical [ms] = 4 + p*8,
where p is the error probability of the first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.
DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)
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Figure 2: User plane latency components

10.2.2
TDD frame structure

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays, radio frame alignment and TTI duration. The latency component can be seen in Figure 10.3.
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Figure 10.3: User plane latency components for TDD

Where:

i) The total one-way processing time is 2.5ms.

ii) 
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 is radio frame alignment and depends on the frame structure.

iii) The TTI duration is 1ms.

Based on the assumptions above, the LTE U-plane latency is given by:


DUP [ms] = 1 + 
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+ 1 + 1.5 + n*
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where 
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 is the average HARQ RTT and n is the number of HARQ retransmissions. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of


DUP,typical [ms] = 3.5 + 
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where p is the error probability of the first HARQ transmission. Tables 10.10a and 10.10b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 0% HARQ BLER is assumed.

Table 10.10a: U-plane latency analysis with 0% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	5.2ms
	4.6ms
	4.2ms
	4.6ms
	4.3ms
	4.1ms
	4.9ms


Table 10.10b: U-plane latency analysis with 0% HARQ BLER (average in uplink)

	Step
	Description
	 UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	4.6ms
	5.2ms
	6ms
	6.8ms
	7.6ms
	8.5ms
	4.9ms


Tables 10.11a and 10.11b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 10% HARQ BLER is assumed.
Table 10.11a: U-plane latency analysis with 10% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*10ms
	0.1*10.2ms
	0.1*9.8ms
	0.1*10.5ms
	0.1*11.6ms
	0.1*12.4ms
	0.1*11.2ms

	
	Total one way delay
	6.2ms
	5.62ms
	5.18ms
	5.65ms
	5.46ms
	5.34ms
	6.02ms


Table 10.11b: U-plane latency analysis with 10% HARQ BLER (average in uplink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*11.6ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*11.5ms

	
	Total one way delay
	5.76ms
	6.2ms
	7ms
	7.8ms
	8.6ms
	9.5ms
	6.05ms


The analysis shows that the 5ms U-plane latency requirement can be simultaneously satisfied in TDD for both uplink and downlink using the UL/DL configuration #6 when 0% HARQ BLER is assumed.

 [unmodified text not included]
6 Appendix B - Summary of discussion

Ericsson (rapporteur) sent an initial email including text proposal for FDD for LTE Rel-8 based on R2-092080. The email additionally invited companies to contribute on figures for TDD. Following this email, further comments where received, which are organized below per discussion topics.

Lowest theoretical latency vs best estimate of average latency

Huawei commented that the figures provided for FDD contained a mixture of lowest possible latency as well as best estimate of the average latency. Huawei indicated a small preference for reporting the lowest theoretical latency, i.e. when the system can be configured for minimal delay, such configuration should be assumed. The example of PRACH (1st PRACH successful, with minimum period=1ms) was mentioned.
CATT, Ericsson, T-Mobile indicated that they are also fine with the approach of reporting the lowest theoretical latency. CATT further mentioned using minimum msg2 window offset value of 3ms. T-mobile indicated a strong preference for reporting the lowest theoretical latency.
CATT clarifies the subframe in which the transmission is initiated is used; for the synchronized case, the reason why it is possible for configuration #1 to transmit msg1 in subframe #1 or #6 (which are DL subframes) is those subframes are special subframes and the preamble format 4 can be used in the UpPTS.
FDD User-Plane Latency

T-Mobile would like to extend the analysis with the case where no resources are pre-scheduled, i.e. when a data transmission in either UL or DL starts while the UE is synchronized and un-synchronized. T-Mobile further indicated that they would not accept having a figure only for the case where resources are pre-scheduled as they would like to also reflect this common real user experience.
T-Mobile has kindly provided a text proposal for appropriate sections (8 cases). T-Mobile also suggested aligning this analysis with the performance framework developed in NGMN, i.e. having the U-plane latency reference points above PDCP.
Ericsson (rapporteur) thinks this topic needs to be further discussed during the meeting, before it can be included the text proposal in Appendix A. The text proposal is place in Appendix C for further consideration.
Ericsson notes that the tables in T-Mobile proposal are very similar to the ones for the control plane latency (dormant to active); the only difference is one additional row with receiver processing.
Ericsson further notes that there are no specific 3GPP target figures for the user plane latency. For the pre-scheduled case, it is already shown that 5 ms latency can be reached for Rel-8. For the non-scheduled case, the 5 ms latency cannot be reached; the latency could be reduced, but the same result can be achieved by improvements to the dormant to active transition (where the target is 10ms).
CATT mentions that for U-plane latency in case no resources are pre-allocated, the same analysis for Control-plane (e.g. Uplink initiated transition, unsynchronized) could be used without much change. It is thus unclear to CATT whether something further is really needed for User-plane.

FDD Control-Plane Latency

No comments received.

TDD User-Plane Latency

CATT kindly provided initial figures capturing user plane latency for TDD, based on UL/DL configuration #1. Huawei later proposed an alternative text.

Ericsson notes that in the CATT proposal, the 1.25 ms processing delay is evenly distributed between transmitter and receiver. Ericsson wonders if a more accurate distribution would be 1ms for the transmitter and 1.5ms for the receiver. Also, it would be useful to align FDD and TDD, so figures for TDD and 10% BLER should be added. Ericsson wonders what “0, 1, 2, 3, ...” Headings in the table 10.10a means? Does it represent the subframe index where the transmission is started? If so, should it not go up to 9?
T-Mobile suggests covering both 0% and 10% BLER.

CATT kindly provided updated figures including results for 10% HARQ BLER (in addition to 0%).
TDD Control-Plane Latency

CATT kindly provided initial figures capturing control plane latency for TDD, based on UL/DL configuration #1.

Huawei commented that, considering lowest theoretical delays, the average delay due to RACH scheduling period is less than 5ms for TDD configuration #1 assuming a PRACH in each UL subframe. Huawei asked whether the 6ms PRACH minimum delay should also apply for TDD for DL-initiated dormant to active transition. 

Ericsson would like to understand the motivation for having figures for configuration #1 only for the dormant to active transition, and asks whether the results would vary significantly with other configurations. Ericsson thinks in this case, the configuration that is most delay optimized should be used. 
CATT responds that the selection of UL/DL configuration #1 is based on the following considerations:

a) Limiting the input for TTD, by using the most delay optimized configuration. This is because for TDD, there are more options/variations than for FDD.
b) Achieving minimum latency; the Control-plane procedure (especially idle->connected transition) involve both UL transmission and DL transmission, and the minimal latency is achieved using the most symmetric UL/DL configuration, i.e. either UL/DL configuration#1 or UL/DL configuration #6.

c) Periodicity of subframe allocation and HARQ RTT: comparing to UL/DL configuration #6, UL/DL configuration#1 is more attractive because the periodicity of UL/DL subframe allocation is 5ms, which means less scenario to analysis (e.g. the analysis for "Msg1 in subframe #1" can obviously be used for "Msg1 in subframe #6", however this might no true in UL/DL configuration #6). Another benefit is that for almost every subframe the HARQ RTT is 10ms in UL/DL configuration #1, which means if retransmission is taking into account, the timing for subsequent procedure is not affected.

CATT kindly provided updated figures with both lowest theoretical latency and average estimate latency. 
CATT additionally notes that for lowest theoretical latency, the highest PRACH density is used in the time domain (i.e. PRACH exists in subframe #2#3#7#8). CATT however mentions that there are two possible scenarios, i.e. "Msg1 in subframe#2 or #7" and "Msg1 in subframe#3 or #8". CATT assumes that the trigger of all procedure (e.g. NAS request for idle->connected) can arrive at arbitrary time point, so the final value should average the results of those two scenarios according to their probability.

CATT additionally notes that for average estimate latency, the meaning of "average" is not clear enough. CATT exemplifies under the assumption that PRACH cycle = 5ms, there is three possible PRACH configurations: "PRACH in subframe#1/ #6", "PRACH in subframe#2/ #7", and "PRACH in subframe#3/ #8" and the latency result of them might be different. CATT thinks that it may be better to use the best result among the different cases instead of using an average result for all cases, i.e. use PRACH in subframe #1#6.
CATT mention that for the downlink initiated transition, unsynchronized case, they can agree to consider the 6ms delay suggested by Huawei, but notes that there is still an ongoing discussion in RAN1/2 regarding lowering the delay to allow faster UEs. CATT thinks it would be reasonable to also consider the timing for PDCCH transmission occasion.
Ericsson is fine with CATT’s updated proposal.
Miscellaneous corrections and topics
Link adaptation
Huawei proposed to add a note to consider additional delay due to resumption of link adaptation for SCH transmissions after synchronization is lost, which requires a reconfiguration for CQI and sounding. Ericsson indicated that the argument is valid, however does not think that this impacts latency. Ericsson would however be fine with having the note.
DL-initiated dormant to active
Huawei proposed to correct the timing of DL data resuming, indicting that as per TS36.213 subclause 6.1.1 6ms is needed before UE can first transmit a preamble on PRACH. Ericsson agrees regarding the timing in this case. Ericsson has no strong opinion on whether the change should be made.
Finally, T-Mobile showed interest to already identify which enhancement could be feasible for Rel-9 LTE.
Scope of the discussion:

T-Mobile suggests that, although this activity aims to get a status of the LTE (Rel-8) performance, the scope should be augmented to also identify which latency enhancements (especially to the unscheduled cases) are feasible prior to LTE-A.

7 Appendix C: Proposal from T-Mobile for U-Plane Latency
[unmodified text not included]
10.2
U-Plane latency
The U-Plane latency analysis shall be based on the framework developed by NGMN and published in [NGMN]. The U-Plane latency reference points shall be on top of PDCP in UE and eNB as illustrated here:
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Metric The cdf of the connection setup latency is calculated for all relevant state transitions defined within
a system for arbitrarily placed users in a fully loaded cell based on simulations.

Metric The guaranteed connection setup latency is the 95-ile of the cdf of the packet latency calculated for
all relevant state transitions defined within a system based on simulations.

1.28 RADIO ACCESS TRANSMISSION LATENCY

The radio access transmission latency is defined in terms of the one-way transit time between a packet
being available at the IP layer (Tx reference point) in either the UE / Radio Access Network and the availability
of this packet at IP layer (Rx reference point) in the Radio Access Network / UE.

Note: the location of the reference points depends on radio protocol architecture (e.g. for LTE reference
points are on top of PDCP in UE and on top of PDCP in E-UTRAN). Figure 2 illustrates the radio access

transmission latency.
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Figure 2 lllustration of reference points for Radio Access Transmission Latency





Figure x: Illustration of reference points for Radio Access Transmission Latency [NGMN]

U-Plane latency values shall be provided for the following cases:

1. pre-scheduled resources

2. Uplink initiated transition, synchronized

3. Uplink initiated transition, unsynchronized

4. Downlink initiated transition, synchronized

5. Downlink initiated transition, unsynchronized

Note:
the node specific processing time for each of the cases shall be evaluated and a typical value should be used as common basis for all calculations.

10.2.1
FDD frame structure

10.2.1.1 pre-scheduled resources

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:

DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by


DUP,typical [ms] = 4 + p*8,
where p is the error probability of the first HARQ retransmission. The theoretical minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.

DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)
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Figure 2: User plane latency components

10.2.1.2 Uplink initiated transition, synchronized

[Calculation & Illustration to be added]

10.2.1.3 Uplink initiated transition, unsynchronized

[Calculation & Illustration to be added]

10.2.1.4 Downlink initiated transition, synchronized

[Calculation & Illustration to be added]

10.2.1.5 Downlink initiated transition, unsynchronized

[Calculation & Illustration to be added]

[unmodified text not included]
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