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[bookmark: _Toc500511327]5.7	Latency
[bookmark: _Toc500511328]5.7.1	User plane latency

[bookmark: _Toc500511329]5.7.2	Control plane latency
As defined in Report ITU-R M.2410, control plane latency refers to the transition time from a most “battery efficient” state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state).
[bookmark: _Toc500511330]5.7.2.1	NR
Discussion point:
[NOTE: The following discussion points are to facilitate the analysis of NR CP latency. If we can have common understanding on these points, it would be easy for us to do the evaluation / analysis.]
1. Can the following control plane procedure be used for NR? (This is very similar to LTE)
[HW]: Yes. NR Control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state.
[CATT]: Yes.
Nokia: Yes. RRC_inactive to RRC_connected can be used in the evaluation
[Intel] One comment on naming. In NR, the name of the RRC messages are shorter (without connection in the name). Therefore it is preferred to rename step 6, 8, 10 to RRC Resume Request, RRC Resume, and RRC Resume Complete, respectively.
[SS-1]: Resume procedure can be used for the CP latency analysis. But the following call flow shows only the best case that will not be typical in NR network in our understanding. I.e. the case where UE tries to resume its connection with the last connected gNB that has both CU and DU functionalities in one box. We need to consider more cases e.g. especially CU-DU split aspects as follows:
· 1a) UE resumes with the last connected gNB. No CU-DU split.
· The following call flow can be used in general.
· 1b) UE resumes with the last connected gNB-DU. CU-DU split is assumed.
· F1 procedure and its latency needs to be considered at step 7 below. 4 F1 messages between CU and DU are required for connection resume. (F1 Initial UL RRC Message Transfer, F1 UE Context Setup, F1 UE Context Setup Response, F1 DL RRC Message Transfer)
· Delta configuration can be used for UE L1/L2 context as it is stored in the DU.
· 2) UE resumes with the different gNB. i.e. different gNB-CU.
· UE context retrieval from last gNB-CU or full connection procedure needs to be considered.
· 3) UE resumes with the different gNB-DU but within the same gNB-CU. (Full configuration for L1/L2 context)
· F1 procedure and its latency needs to be considered at step 7 below. 4 F1 messages between CU and DU are required for connection resume. (F1 Initial UL RRC Message Transfer, F1 UE Context Setup, F1 UE Context Setup Response, F1 DL RRC Message Transfer)
· Full configuration needs to be used for UE L1/L2 context as it is not stored in the DU.
We think we need to evaluate at least case 1a (best case), and 1b and 3 (typical cases). Latency of case 3 will be similar to 1b.
[HWv3]: For Samsung’s comment, we think CU-DU in one box is a typical deployment configuration for 5G, especially in the initial deployment phase. Therefore the current CP procedure and assumed value reflect the typical case in our understanding. CU-DU split case is not excluded. Based on Samsung’s comments, my understanding is that the following procedure still holds, since the CU-DU split impact is in Step 7 only? If this is the case, the procedure can still be applied.
On the other hand, one question to clarify: F1 interface is inside the gNB. It is like XN or NG interface. For the latency evaluation towards ITU submission, my understanding is that we focus on air interface delay and the related processing delay; the inside-gNB or inter-gNB communication is usually not involved. 
[CATT2] : 1) Names in procedures should be updated as Intel suggested. 
2) CU-DU split depends on the need from the practical deployments. It is fair enough to consider both general cases of applying CU-DU split and CU-DU in one box. F1 reflects the procedure because of CU-DU split while I find in 4G evaluations, the total delay did not include e.g. steps 12 and 14 S1-C transfer delay, MME processing delay which are outside the scope of RAN WG2. Similarly, CP latency will not include latency from F1 messages, at least will not include transfer delay and I suppose the processing time is short. Otherwise, we may need to consider ideal/non-ideal backhauling and those values….But I think if companies feel it is necessary to reflect F1 for possible deployment in 5G, it can be marked at step 7 in the procedure figure to be complete, while there could be a note saying e.g. “The figures included in Steps 7 (a)…(a+3) are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay”. And my additional suggestion is that if there is such a figure and/or a note as above, it is only for eMBB.
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5. Processing delay in UE
7. Processing delay in gNB
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Control plane procedure

2. Which delay assumption in LTE is applicable to NR?
[HW]: Proposal is to use the following table for NR analysis.
NOTE1: Here the delay does not include waiting time for DL/UL subframe. It is only gNB or UE processing delay.
NOTE2: The change marks indicate the difference from LTE table (FDD table).
[CATT]: Suggest using TTI instead of slot/non-slot, e.g. in step 2,4,6.8, which would be more clear for discussion and evaluation results.
[HWv2]: For the terminology, we are thinking to use NR terminology for NR evaluation.
[SS-2] Question on NOTE1. Is this not included to show the performance for the best case? We believe we need to show performance for both the best case and typical case.
[HWv3]: To clarify Samsung’s question: NOTE1 does NOT mean that the evaluation does not include the waiting time (e.g., in TDD case). The waiting time will be calculated and it depends on the detailed configuration. Here the purpose is to align the understanding of the delay parameters without waiting time. Once these parameters are clarified, it is not difficult to take into account waiting time in the evaluation.
	Step
	Description
	CP Latency for UL data transfer 
[ms]

	1
	Delay due to RACH scheduling period (1TTI)
	0
[SS-2] Is this set to 0 to show the performance for the best case?
[HWv3]: This is aligned with LTE eavluation (agreed in RAN2). See  ’Note 1’ in LTE evaluation table 5.7.2.2-1: For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.

	2
	Transmission of RACH Preamble
	Ts (the length of 1 slot / non-slot)
Nokia: Length of the preamble
[Intel] This should be the length of the preamble, and depends on the PRACH configuration we select.
[HWv2]: Length of the preamble is summarized as below.
[CATT2]: Should be PRACH duration as specified, which depends on the preamble format. To be aligned among companies for latency calculation, preamble format can be selected according to considerations of cell coverage. Among all the preamble format which can satisfy the requirement of coverage, the shorter duration of preamble should be selected which can provide more PRACH occasions to avoid collisions. So for eMBB, we can evaluation both long and short preamble and for URLLC, short preamble only. 
Long preamble : Format 0 (start from symbol 0);
Short preamble: For simplicity, consider PRACH duration (2,4,6,12) and starting symbol would be the first symbol of every N symbols (N=PRACH duration). This simplified method is more like to average the effect of different formats with the same PRACH duration and would be easier to align the evaluation results from so many formats, configurations….


	3
	Preamble detection and processing in eNBgNB
	
	2
[CATT] Assume the processing delay of Preamble detection and preparing for Msg2 equals to PUSCH preparation time Tproc,2（assuming d2,1=0） ,which is specified in 38.214 
Nokia: CATT suggestion seems justified. It is likely somewhat on the conservative side, though
[Intel] Agree that this can be a starting point (though the value might be conservative).
[HWv2]: Based on RAN4 progress, it is now not clear what detection time NR will have. Currently, RAN4 is assuming similar value as LTE. We will further investigate.
[HWv4]: Based on R4-1809392, the gNB processing delay can be as follows: 
· Option 2-1: 4 slots for 15kHz, 7 slots for 30kHz, 8 slots for 60kHz, 12 or 13 slots for 120kHz
· Option 2-2: Same processing delay as UE side (N1)
[bookmark: _GoBack]The understanding is that Option 2-1 is typical for gNB; while Option 2-2 might be due to the test method, which is for test purpose. Therefore it is proposed to consider Option 2-1 in this step.

	4
	Transmission of RA response
	Ts (the length of 1 slot / non-slot)
Nokia: Length of the PDCCH+PDSCH allocation, to be described by the proponent.
[HWv2]: Clarification of Ts as follows: the length of 1 slot or 1 non-slot include PDCCH and PDSCH (the first OFDM symbol of PDSCH is frequency multiplexed with PDCCH).
Clarification 2: Start time of Step 4 is discussed in discussion point 3.
[CATT2]: Assume the first OFDM symbol of PDSCH is FDM with PDCCH for simplicity

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	4 NT,1+NT,2+0.5 ms
[CATT] NT,1+NT,2+0.5 ms +Δ; when the PUSCH carrying Msg3 is transmitted, an extra delay Δ needed to be considered
Nokia: Believe that the original proposal is correct. The additional delta in the scheduling is to accommodate the longer processing delay in the UE to the scheduling timing, not an additional delay.
[Intel] Agree with the proposal and delta is not needed.
[HWv2]: can keep the original proposal.
[SS-3] No strong view for now. Will check if this value is reasonable with UE modem vendors.
[CATT2]:Can keep NT,1+NT,2+0.5 ms

	6
	Transmission of RRC Connection Resume Request
	Ts (the length of 1 slot / non-slot)
Nokia: Length of the PUSCH allocation, to be described by the proponent.
[HWv2]: Clarification of Ts as follows: the length of 1 slot or 1 non-slot is equal to PUSCH allocation length.
Clarification 2: Start time of Step 6 is discussed in discussion point 3.

	7
	Processing delay in eNB gNB (L2 and RRC)
	3
[SS-4] Any reference for this value?
[HWv3]: For Samsung’s comments, this is agreed in LTE evaluation. 

	8
	Transmission of RRC Connection Resume
	Ts (the length of 1 slot / non-slot)
Nokia: Length of the PDCCH+PDSCH allocation, to be described by the proponent.
[HWv2]: Clarification of Ts as follows: the length of 1 slot or 1 non-slot include PDCCH and PDSCH (the first OFDM symbol of PDSCH is frequency multiplexed with PDCCH).
Clarification 2: Start time of Step 4 is discussed in discussion point 3.
[CATT2]: Assume the first OFDM symbol of PDSCH is FDM with PDCCH for simplicity

	9
	Processing delay in UE of RRC Connection Resume including grant reception
	7
[CATT] It is possible to have reduced value compared with that in LTE, e.g. 5
Nokia: Should be possible to have a shorter delay than in LTE. July RAN2 ad hoc is discussing the requirement. Nokia proposal is 3 ms.
[Intel] We prefer to keep 7 ms. In LTE CP latency evaluation, 7 ms is used to cover the grant reception case.
[HWv2]: 3ms can be used for DL data transfer.
[SS-5] We prefer to use at least 5ms or higher value here. The UE needs to restore all SRBs and DRBs and their security context within this processing time. We believe that 3ms is not reasonable for this (both delta configuration and full configuration cases) based on information from several UE modem vendors.
[HWv3]: To clarify: the understanding is that 7ms will still be used for UL data transfer evaluation. 
For DL data transfer evaluation, there are different proposals: 3ms from Nokia and HW. It is noted that in LTE TDD evaluation for DL data transfer, 3ms is used. Please provide your view for DL data transfer.
[CATT2] Following the minimum value from 3 and more than 3 ms in LTE TDD DL data transfer for step 9, it is also ok for NR if keeping the same limitation of configurations. From my understanding, it is also possible to be less than 7ms for UL data transfer considering DL/UL configuration, for sure depending on which one selected. 
For FDD, I wondered why there is not shorter step 9 for DL data transfer in LTE….If  3ms is also applicable to NR FDD DL data transfer, for UL, 3ms+e.g.Tproc2 may also be sufficient.

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	20

	Notes:
1. For step 1, the procedure for transition from a most “battery efficient” state haas yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2. For step 5, the latency of 4 NT,1+NT,2+0.5ms is used according to Section 8.3 of TS 38.213. NT,1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured; and NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1. The value of N1 and N2 are shown in Table 5.3-1 and Table 6.4-1 of TS38.214, respectively. has been agreed by RAN1, see LS in R2-1806411.
[CATT] As specified in 38.213 “A minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE is equal to NT1+NT2+0.5 msec. NT1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and  NT2 is a time duration of  N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6.4, TS 38.214]”; and in 38.214, when the PUSCH carrying Msg3 is transmitted, an extra delay Δ needed to be considered.
Nokia: See comment to step 5. The additional delta is to accommodate for the longer PUSCH processing delay to the scheduling procedure, not an additional delay.
[HWv2]: can keep the original proposal.
[CATT2]:Can keep NT,1+NT,2+0.5 ms
3. For step 7, the processing delay in eNB gNB (L2 and RRC) has been reduced to 3 ms.
4. For step 9 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of UL grant. The transmission of UL grant by eNB gNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
5. For step 9 for DL data transfer, only the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of DL grant. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
[CATT] Is ”data” in the last sentence DL data? How can it be transferred in DCI format 0? We need to double check notes 4 and 5. 
[HWv2]: The ”data” in the last sentence refers to UL data. The last sentense indicate that the UL grant is transmitted with DCI format 0. The UL grant is for transmission of RRC Connection Resume Complete and the data.
6. For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.



A copy of Table 5.3-1 and Table 6.4-1 of TS38.214 is given below for reference. In addition, the corresponding time duration is given.
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]
	Time duration NT,1 
for “Additional PDSCH DM-RS configured”
(NOTE: the length of one OFDM symbol is assumed to be the average value over one slot, i.e., LOS=slot_length / 14) 

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured
	

	0
	8
	13
	0.93ms

	1
	10
	13
	0.46ms

	2
	17
	20
	0.38ms

	3
	20
	24
	0.21ms



Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]
	Time duration NT,2
(NOTE: the length of one OFDM symbol is assumed to be the average value over one slot, i.e., LOS=slot_length / 14)

	0
	10
	0.71ms

	1
	12
	0.43ms

	2
	23
	0.41ms

	3
	36
	0.32ms



[HWv2]: Time duration of NR RACH Preamble (Step 2)
The time duration of PRACH depends on the PRACH format used in system, which is shown as below [6  38.211]. Noted that Format 0-3 (long sequence) is usually applied to the case of large coverage (large CP). And format 0 is usually used. In this case, the value of step 2 is 1ms, despite the selected SCS for CP latency evaluation.


Table 6.3.3.1-1: PRACH preamble formats for  and .
	Format
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Support for restricted sets
	Time duration

	0
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B
	1ms

	1
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B
	3ms

	2
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B
	3.5ms

	3
	839
	5 kHz
	[image: ]
	[image: ]
	Type A, Type B
	1ms



For relatively smaller coverage, the following formats can be used. 
Table 6.3.3.1-2: Preamble formats for [image: ] and [image: ] where [image: ].
	Format
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Support for restricted sets
	[image: ]
	Time duration

	[bookmark: _Hlk494194986]A1
	139
	[image: ]
	[image: ]
	[image: ]
	-
	0
	2os

	A2
	139
	[image: ]
	[image: ]
	[image: ]
	-
	0
	4os

	A3
	139
	[image: ]
	[image: ]
	[image: ]
	-
	0
	6os

	B1
	139
	[image: ]
	[image: ]
	[image: ]
	-
	[image: ]
	2os

	B2
	139
	[image: ]
	[image: ]
	[image: ]
	-
	[image: ]
	4os

	B3
	139
	[image: ]
	[image: ]
	[image: ]
	-
	[image: ]
	6os

	B4
	139
	[image: ]
	[image: ]
	[image: ]
	-
	[image: ]
	12os

	C0
	139
	[image: ]
	[image: ]
	[image: ]
	-
	[image: ]
	1os

	C2
	139
	[image: ]
	[image: ]
	[image: ]
	
	[image: ]
	4os



3. For NR FDD/TDD, consider slot-alignment?
Slot alignment means the start of a transmission is always at the beginning of a slot/non-slot. It would not begin in the middle of a slot/non-slot. 
Option 1: Slot-alignment is considered. 
· It is noted that the end time of C5/C7/C9 might be in the middle of a specific slot/non-slot. 
· When slot alignment is considered, the transmission after C5/7/9 would start always from the beginning of a certain slot / non-slot, which means that the BS/UE may need to wait for a certain OS to transmit.
· The analysis would be easy, and it does not degrade the performance much as the dominate latency would depend on the processing time of C5/C7/C9.
Option 2: Slot-alignment is NOT considered. 
· It is noted that the end time of C5/C7/C9 might be in the middle of a specific slot/non-slot. 
· According to NR specification, the transmission could start at certain OS (at beginning / middle of a specific slot/non-slot) for both PDSCH and PUSCH as defined in the resource mapping type A/B. 
· In this case, the evaluation will conduct for resource mapping type A and/or B, and the SLIV limitation of resource mapping type A/B should be taken into account. 
· Another issue is that for C2/4/6/8 (air interface transmission), is it the understanding that the transmission duration is fixed to be (the length of a slot / non-slot) = (N OFDM symbols that constitute the slot / non-slot)? If this is the case, the transmission duration might be crossing the boundary of a slot / non-slot. For example, N=14, and the first 7 OFDM symbols are transmitted in a DL/UL slot 1, and the remaining 7 OFDM symbols are transmitted in the next available DL/UL slot.
 [HW]: Proposal is to use Option1 as the baseline, i.e., slot alignment is assumed.
 [CATT] There are proposals for slot-alignment and waiting time:
Option 1 Average: Average time duration for slot-alignment
After step 3,5,6,7,9, the end time could be in the middle of a specific slot. For easy calculation, it is proposed to reuse the same procedure in UP latency when average time duration for slot-alignment is applied, i.e. assuming the end could happen at any allocation of a slot and slot-alignment and waiting time is averaged for all cases. 
Waiting time is time during between the end of Cx in current slot and the first available symbol at next available slot/non-slot (symbol #0 for normal slot, symbol #X for special slot). The end of Cx could be at any allocation during one slot for simplicity.
Option 2 Best case: Evaluate all occasion cases. Submit the instant case which can achieve the minimum CP latency among all the cases or list all cases under certain configuration(s). (Evaluation efforts are the same)
[CATT] CATT is fine to take either or both of above options. 
Nokia: Believe that the average approach is consistent with LTE evaluation (TBC)
[Intel] We’re OK to use the average time.
[HWv2]: Target the average value. For some cases (e.g., to show 10ms target), “best case” can be considered. On the way of calculating average value, it is considered to use the “accurate way” which is shown in UP latency calculation. That is, we can derive the latency value of each step under the specific starting time of the CP procedure; then we can average the value over all possible cases.
4. Start of the CP procedure
[HW]: Proposal: Step 2 (the beginning of the CP procedure) starts from the first OFDM symbol (OFDM symbol#0) of the slot / non-slot.
 [CATT] Step 2 (the beginning of the CP procedure) could start from any occasion as defined 38.211 which needs to be indicated for option 2 Best case. For option 1 Average, all occasions are considered for average. 
Nokia: Step 2 could start from any occasion that can be used for PRACH preamble transmission.
[Intel] Step 2 which can start from any PRACH occasion according to selected PRACH configuration.
[HWv2]: For CATT and Nokia comments, the clarification is as follows: the CP procedure can start from the OFDM symbols within the slot that PRACH preamble can be transmitted (assuming that the slot is UL slot; otherwise it will wait for the available UL slot). 
NOTE that the available OFDM symbols for PRACH preamble transmission is related to PRACH format. 
5. Focus on the evaluation for UL data transfer for NR?
[HW]: Yes. For DL data transfer, we may not need to provide detailed analysis results, but one sentence can be added: “Control plane latency for DL data transfer will be smaller than that for UL data transfer.”
[CATT]: If following LTE’s analysis, Control plane latency for DL data transfer will be smaller than that for UL data transfer. We need to double check if it is the same in NR. 
Nokia: Assume that the UL latency is longer, so start with that. Agree with CATT that we should double-check that the assumption holds, and time permitting develop also the DL transition analysis.
[Intel] Agree that we focus on UL, and can double check the DL later.
5.7.2.2	LTE	Comment by Wuyong (Eric, WRD): The LTE part has been approved. 
For LTE Rel-15, control plane latency is evaluated from IDLE state to CONNECTED state. It is noted that, for LTE, when RRC connection is suspended, RRC connection resume is permitted by E-UTRAN. Figure 5.7.2.2-1 provides an example control plane flow for the above-mentioned IDLE to CONNECTED state transition for LTE Rel-15.
UE
eNB
1. Delay for RACH Scheduling Period
3. Processing delay in eNB
5. Processing delay in UE
7. Processing delay in eNB
9. Processing delay in UE
2. RACH Preamble
4. RA response
6. RRC Connection Resume Request
8. RRC Connection Resume
10. RRC Connection Resume Complete
Control plane procedure

[bookmark: _Ref515637446]Figure 5.7.2.2-1 C-plane activation procedure (example for Rel-15)
It is noted that for Step 9, the processing delay in UE might be different for the start of DL and UL continuous data transfer. Therefore the evaluation of control plane latency is conducted for DL and UL, respectively.
The evaluation results of LTE FDD on control plane latency are provided in Table 5.7.2.2-1.

Table 5.7.2.2-1 Control plane latency of LTE FDD
	Step
	Description
	CP Latency for UL data transfer 
[ms]

	1
	Delay due to RACH scheduling period (1TTI)
	0

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	4

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	3

	8
	Transmission of RRC Connection Resume
	1

	9
	Processing delay in UE of RRC Connection Resume including grant reception
	7

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	20

	Notes:
1. For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2. For step 5, the latency of 4 ms has been agreed by RAN1, see LS in R2-1806411.
3. For step 7, the processing delay in eNB (L2 and RRC) has been reduced to 3 ms.
4. For step 9 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of UL grant. The transmission of UL grant by eNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
5. For step 9 for DL data transfer, only the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of DL grant. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
6. For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.



For LTE TDD, the achieved latency will depend on when the procedure is initiated due to the TDD-pattern (i.e. in some cases the eNB and UE must wait for a subframe where DL and UL can be transmitted). 
For DL data transfer, the evaluation results of LTE TDD are provided in Table 5.7.2.2-2.
Table 5.7.2.2-2 Control plane latency of LTE TDD for DL data transfer
	Step
	Average CP Latency for DL data transfer
[ms]

	
	Config 0
	Config 1
	Config 2
	Config 3
	Config 4
	Config 5
	Config 6

	1
	0
	0
	0
	0
	0
	0
	0

	2
	1
	1
	1
	1
	1
	1
	1

	3
	3
	2
	2
	2.7
	2
	2
	2.5

	4
	1
	1
	1
	1
	1
	1
	1

	5
	4.8
	5.4
	5.8
	4.8
	5.7
	5.9
	4.5

	6
	1
	1
	1
	1
	1
	1
	1

	7
	3
	3
	3
	3
	3
	3
	3.3

	8
	1
	1
	1
	1
	1
	1
	1

	9
	4
	3
	3
	3
	3
	3
	3.8

	10
	0
	0
	0
	0
	0
	0
	0

	Total delay [ms]
	18.8
	17.4
	17.8
	17.5
	17.7
	17.9
	18.1

	Notes:
1. The description of each component is the same as in Table 5.7.2.2-1. TDD frame structure configuration 0~6 are defined in TS36.211.
2. For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
3. For step 3, the eNB processing delay is 2ms as in FDD. Additional delay due to waiting for DL subframe is included. The delay value is the average delay taken over the starting subframes when the procedure is initiated under the corresponding TDD configuration.
4. For step 5, the UE processing delay is 4 ms as in FDD, see LS in R2-1806411. Additional delay due to waiting for UL subframe is included. The delay value is the average delay taken over the starting subframes when the procedure is initiated under the corresponding TDD configuration.
5. For step 7, the eNB processing delay (L2 and RRC) has been reduced to 3 ms as in FDD. Additional delay due to waiting for DL subframe is included. The delay value is the average delay taken over the starting subframes when the procedure is initiated under the corresponding TDD configuration.
6. For step 9 for DL data transfer, only the processing delay in the UE (L2 and RRC) is considered as in FDD. Additional delay due to waiting for DL subframe for receiving DL grant is included. The delay value is the average delay taken over the starting subframes when the procedure is initiated under the corresponding TDD configuration.
7. For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.



For UL data transfer, the evaluation results of LTE TDD are provided in Table 5.7.2.2-3 for specific starting subframes for TDD frame structure configurations.
Table 5.7.2.2-3 Control plane latency of LTE TDD for UL data transfer
	Step
	Description
	CP Latency for UL data transfer
[ms]
for the following cases

	
	
	Config 0, Starting Subframe = 2,7
Config 1, Starting Subframe = 2,7
Config 3, Starting Subframe = 1, 2
Config 4, Starting Subframe = 2
Config 6, Starting Subframe = 2,7

	1
	Delay due to RACH scheduling period (1TTI)
	0

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	4

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	3

	8
	Transmission of RRC Connection Resume
	1

	9
	Processing delay in UE of RRC Connection Resume including grant reception
	7

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	20

	Notes:
1. TDD frame structure configuration 0~6 are defined in TS36.211. The delay value is for the given starting subframes under the corresponding TDD configuration.
2. For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
3. For step 3, the eNB processing delay is 2ms as in FDD. Additional delay due to waiting for DL subframe is 0 for the given starting subframes under the corresponding TDD configuration. 
4. For step 5, the UE processing delay is 4 ms as in FDD, see LS in R2-1806411. Additional delay due to waiting for UL subframe is 0 for the given starting subframes under the corresponding TDD configuration.
5. For step 7, the eNB processing delay (L2 and RRC) has been reduced to 3 ms as in FDD. Additional delay due to waiting for DL subframe is 0 for the given starting subframes under the corresponding TDD configuration.
6. For step 9 for UL data transfer, the processing delay is considered as in FDD. Additional delay due to waiting for DL subframe for receiving UL grant is 0 for the given starting subframes under the corresponding TDD configuration.
7. For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.


Based on the above analysis, 20ms control plane latency is fulfilled by LTE Rel-15 FDD, and for TDD for the above cases.

3GPP
oleObject1.bin

image2.wmf
m


oleObject2.bin

image3.wmf
839

RA

=

L


oleObject3.bin

image4.wmf
{

}

kHz

 

5

,

25

.

1

RA

Î

D

f


oleObject4.bin

image5.wmf
RA

L


image6.wmf
RA

f

D


image7.wmf
u

N


image8.wmf
RA

CP

N


image9.wmf
k

24576


image10.wmf
k

3168


image11.wmf
k

24576

2

×


image12.wmf
k

21024


image13.wmf
k

24576

4

×


image14.wmf
k

4688


image15.wmf
k

6144

4

×


image16.wmf
139

RA

=

L


image17.wmf
kHz

 

2

15

RA

m

×

=

D

f


image18.wmf
{

}

3

,

2

,

1

,

0

Î

m


image19.wmf
u

N


image20.wmf
RA

GP

N


image21.wmf
kHz

 

2

15

m

×


image22.wmf
m

k

-

×

×

2

2048

2


image23.wmf
m

k

-

×

2

288


image24.wmf
m

k

-

×

×

2

2048

4


image25.wmf
m

k

-

×

2

576


image26.wmf
m

k

-

×

×

2

2048

6


image27.wmf
m

k

-

×

2

864


image28.wmf
m

k

-

×

×

2

2048

2


image29.wmf
m

k

-

×

2

216


image30.wmf
722

m

k

-

×


image31.wmf
m

k

-

×

×

2

2048

4


image32.wmf
m

k

-

×

2

360


image33.wmf
2162

m

k

-

×


image34.wmf
m

k

-

×

×

2

2048

6


image35.wmf
m

k

-

×

2

504


image36.wmf
3602

m

k

-

×


image37.wmf
m

k

-

×

×

2

2048

12


image38.wmf
m

k

-

×

2

936


image39.wmf
7922

m

k

-

×


image40.wmf
m

k

-

×

2

2048


image41.wmf
m

k

-

×

2

1240


image42.wmf
10962

m

k

-

×


image43.wmf
m

k

-

×

2

2048


image44.wmf
29162

m

k

-

×


image1.wmf
m


