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[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)
Summary: Use the following procedure figure. 
One note can be added for Step 7: “The delays due to inside-gNB or inter-gNB communication are not included in Step 7. Such delays may exist depending on deployment, but are not within the scope of this evaluation.” This note can be added in the table shown in discussion point 2.
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1. Delay for RACH Scheduling Period
3. Processing delay in 
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5. Processing delay in UE
7. Processing delay in 
gNB
9. Processing delay in UE
2. RACH Preamble
4. RA response
6. RRC Resume Request
8. RRC Resume
10. RRC Resume Complete
Control plane procedure
)
2. Which delay assumption in LTE is applicable to NR?
Summary: The following table is used for NR analysis. 
NOTE1: The delay values shown below does not include the waiting time for DL/UL subframe. It is only gNB or UE processing delay. The waiting time will be calculated and it depends on the detailed DL/UL configuration. Discussion points 3 and 4 are related to the waiting time calculation.
NOTE2: The change marks indicate the difference from LTE table (FDD table).
	Step
	Description
	CP Latency for UL data transfer 
[ms]

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

	2
	Transmission of RACH Preamble
	Length of the preamble according to the PRACH format as specified in [6  38.211] 

	3
	Preamble detection and processing in eNBgNB
	
	Tproc,2 (assuming d2,1=0) as starting point,
Other BS capability (longer processing delay) is considered?
Add one note: The value of Tproc,2  is used only for evaluation. gNB processing delay may vary depending on implementation.

	4
	Transmission of RA response
	Ts (the length of 1 slot / non-slot)
NOTE1: the length of 1 slot or 1 non-slot include PDCCH and PDSCH (the first OFDM symbol of PDSCH is frequency multiplexed with PDCCH).
NOTE2: Start time of Step 4 is discussed in discussion point 3.

	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

	6
	Transmission of RRC Connection Resume Request
	Ts (the length of 1 slot / non-slot)
NOTE1: the length of 1 slot or 1 non-slot is equal to PUSCH allocation length.
Note 2: Start time of Step 6 is discussed in discussion point 3.

	7
	Processing delay in eNB gNB (L2 and RRC)
	3

	8
	Transmission of RRC Connection Resume
	Ts (the length of 1 slot / non-slot)
NOTE1 and NOTE 2 in Step 4 apply

	9
	Processing delay in UE of RRC Connection Resume including grant reception
	[bookmark: _GoBack]7
Smaller value, e.g., 5ms is considered?
Add a sentence: for NR only: If step 7 and step 9 can be further reduced, the 10ms target can be achieved in some best cases.
Add another sentence: for DL data transfer, the CP latency can be further reduced.

	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 or 2 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 or 2. 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.
3. For step 7, the processing delay in eNB gNB (L2 and RRC) has been reduced to 3 ms. The delays due to inside-gNB or inter-gNB communication are not included in Step 7. Such delays may exist depending on deployment, but are not within the scope of this evaluation.
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.
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.



3. For NR FDD/TDD, consider slot-alignment?
Summary: Option 2 is good for latency reduction, and can be used as baseline.
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. 
· The transmission duration of Step 2, 4, 6, and 8 cannot be crossing the boundary of a slot 
·  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.
The evaluation targets 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
Summary: 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 in a slot for PRACH preamble transmission is related to PRACH format. 
5. Focus on the evaluation for UL data transfer for NR?
Summary: Focus on UL. DL can be checked in later stage.
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