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Introduction
Previous agreements regarding slot based scheduling and non-slot based scheduling of Msg2, Msg3, and Msg4 are listed below:
Agreements in RAN1#90:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
Agreements in RAN1#AH3:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
Agreements in RAN1#90b:
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session

Non-slot based scheduling is beneficial for supporting low latency and for reducing resource overhead. In this contribution, we want to go through the low latency perspective of the non-slot based scheduling and want to make an analysis if slot based scheduling can meet the ITU requirements.  
In 3GPP RAN1#90b, there were contributions from several companies supporting non-slot based scheduling for RAR including PDCCH. Specifically, there were two contributions from Huawei [3] and CATT [4], with calculations on control plane latency requirements and support for non-slot based scheduling for PDCCH. Also, AT&T [5] and Qualcomm [6] indicated support for non-slot based for PDCCH.  MediaTek [7] discuss RRC_INACTIVE and that reduction of processing delays are very important in meeting C-Plane latency requirements. One possibility is to postpone the discussion of meeting C-plane latency requirements of 10 ms to Rel 16. 
In this contribution, we take a pragmatic approach and make an evaluation of the CP latency in NR for TDD and FDD, and discuss if the ITU target [1] can be reached. We do this by analyzing what is the best latency assuming fastest gNB processing and fastest UE processing times in order to conclude if slot-based scheduling is sufficient to meet these requirements.  
A similar contribution has been submitted to RAN2#99bis in R2-1711549.
CP latency
Definition
ITU has defined the CP latency and the requirement to [1]:
“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).
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.
The minimum requirement for control plane latency is 20 ms. Proponents are encouraged to consider lower control plane latency, e.g. 10 ms.”
3GPP TS 38.913 [2] has specified ‘The target for control plane latency should be 10ms.’
A most battery efficient state should here be interpreted as Idle or Inactive state, which both have same energy consumption.
The start of continuous data transfer should here be interpreted as the point in time where the UE is ready to be scheduled, i.e. when it enters the Active state.
0. Assumptions
The following agreements were made regarding subcarrier spacing of Messages 2-4 of the RACH procedure
Agreements in RAN1#90:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2

Agreements in RAN1#90b:
· NR supports RACH configuration in RMSI containing 1 bit to convey SCS of Msg3
· In sub-6 GHz, subcarrier spacing of Msg3 can be either 15 or 30 kHz 
· In over-6 GHz, subcarrier spacing of Msg3 can be either 60 or 120 kHz
Agreements in RAN1#90b:
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz


The following assumptions hold for the proposals and observations of the text in this contribution
1. The text from here on assumes that sub-6 GHz will be used at least in the initial phase for low latency applications. Thus, only 15 kHz or 30 kHz will be used for sub-6 GHz for RMSI, Message 2, Message 3, and Message 4 based on above agreements
In this contribution, we talk about what is the best that one can achieve from processing delay perspective. 
2. The assumed processing budget is 1TTI in the UE and 2TTI in the gNB. 
3. The signaling sequence below comprises the steps needed to establish a new RRC connection. In LTE prior to Rel-13, there was essentially only one path to enter RRC_CONNECTED state and to begin data transfer, which is through S1 connection establishment and AS security mode procedure before DRB(s) could be established before the data transfer start. With RRC connection suspend/resume functionality introduced with Rel-13 in LTE and with support for RRC_INACTIVE in NR, the state transition and related signaling can be significantly reduced. The intention is that full RRC_IDLE-> RRC_CONNECTED procedure is used only rarely, e.g., for initial connection establishment and in some error cases. Where delay or signaling matters the more efficient/leaner resume procedure can be used for the normal case (after initial connection establishment). 
Comparing the above two assumptions (2 and 3) with respect to the values from Rel 13 LTE valuesError! Reference source not found., we can notice that the processing delays assumed for UE and gNB are the fastest options. The average latency might be higher than these values.   
0. Control plane signalling
According to the definition of CP latency we here study the transition from the RRC Inactive state to the RRC Active state, as shown in Figure 1.
[image: ]
[bookmark: _Ref492998609]Figure 1: Illustration of CP signaling during transition from Inactive to Active state.
0. Achievable latency in FDD
For the evaluation of latency, it has here been assumed that the UE works with n+2 timing and the eNB works with n+3 timing as the fastest option, i.e. that the processing budget is 1 and 2 TTIs, respectively. Out of these the UE timing should be either fixed or indicated in the DCI, while the gNB timing is not specified. For gNB an interval of processing delay is therefore given.
With the assumptions described above the resulting CP latency will be as outlined in Table 1. As can be seen the total worst-case delay sums up in the range 14 TTIs for FDD.
[bookmark: _Ref493253371]Table 1. CP latency in TTIs in NR Rel-15 FDD.
	Component
	Description
	Latency
[TTI]

	1
	Worst-case delay due to RACH scheduling period (1TTI period)
	1

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in gNB
	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 Request)
	1

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in gNB (L2 and RRC)
	2

	8
	Transmission of RRC Connection Resume (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	1

	10
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1

	11
	Processing delay in gNB (Uu –> S1-C)
	2

	 
	Total delay [TTI]
	14



1. [bookmark: _Toc497565948][bookmark: _Toc497565978][bookmark: _Toc497566550][bookmark: _Toc497568359][bookmark: _Toc497835088][bookmark: _Toc497835210][bookmark: _Toc497835846][bookmark: _Toc497838036][bookmark: _Toc497838062][bookmark: _Toc497839003][bookmark: _Toc498693665][bookmark: _Toc498698210]The worst-case CP latency in NR Rel-15 FDD is 14TTI for 2TTI processing in gNB and 1TTI processing in UE.
2. Achievable FDD latency in ms
The absolute delay will differ with different TTI lengths and SCS (Sub Carrier Spacings), as shown in Table 2. Here we have assumed the upper end of the range calculated above, i.e. 14 TTIs for n+3 timing in gNB.
[bookmark: _Ref493254681]Table 2. Achievable CP latency for NR Rel-15 in ms.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	14-symbol TTI
	14
	7.0
	3.5
	1.8



1. [bookmark: _Toc497565949][bookmark: _Toc497565979][bookmark: _Toc497566551][bookmark: _Toc497568360][bookmark: _Toc497835089][bookmark: _Toc497835211][bookmark: _Toc497835847][bookmark: _Toc497838037][bookmark: _Toc497838063][bookmark: _Toc497839004][bookmark: _Toc498693666][bookmark: _Toc498698211]15 kHz SCS cannot meet 10 ms requirement but 30 kHz can meet 10 ms requirement. Both 15 kHz and 30 kHz meet 20 ms CP latency requirement.
0. Achievable latency in TDD
As in the FDD case the processing budget is here assumed to be 1 TTI in the UE and 2 TTIs in the gNB.
For TDD slot sequence, we here study two cases: an alternating UL-DL sequence, and a DL-heavy UL-DL-DL-DL sequence. Due to the slot sequence, additional alignment delays are added.
With the assumptions described above the resulting CP latency will be as outlined in Table 3. As can be seen the total worst-case delay sums up in the range 17 TTI for UL-DL TDD pattern and 25 TTI for UL-DL-DL-DL pattern.
[bookmark: _Ref497566478]Table 3. CP latency in TTIs in NR Rel-15 TDD.
	Component
	Description
	
UL-DL Latency
[TTI]
	
UL-DL-DL-DL Latency
[TTI]

	1
	Worst-case delay due to RACH scheduling period (1TTI period)
	2
	4

	2
	Transmission of RACH Preamble
	1
	1

	3
	Preamble detection and processing in gNB
	2
	2

	4
	DL slot alignment
	0
	0

	5
	Transmission of RA response
	1
	1

	6
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	1
	1

	7
	UL slot alignment
	1
	4

	8
	Transmission of RRC Connection Resume Request
	1
	1

	9
	Processing delay in gNB (L2 and RRC)
	2
	2

	10
	DL slot alignment
	0
	0

	11
	Transmission of RRC Connection Resume (and UL grant)
	1
	1

	12
	Processing delay in the UE (L2 and RRC)
	1
	1

	13
	UL slot alignment
	1
	4

	14
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1
	1

	15
	Processing delay in gNB (Uu –> S1-C)
	2
	2

	 
	Total delay [TTI]
	17
	25



1. [bookmark: _Toc497565950][bookmark: _Toc497565980][bookmark: _Toc497566552][bookmark: _Toc497568361][bookmark: _Toc497835090][bookmark: _Toc497835212][bookmark: _Toc497835848][bookmark: _Toc497838038][bookmark: _Toc497838064][bookmark: _Toc497839005][bookmark: _Toc498693667][bookmark: _Toc498698212]The worst-case CP latency in NR Rel-15 TDD with alternating UL-DL pattern is 17 TTI for 2 TTI processing in gNB and 1TTI processing in UE.
3. Achievable TDD latency in ms
With different TTI lengths and SCS the absolute delay will differ, as shown in Table 2. For the alternating UL-DL TDD pattern we get the latency as indicated in Table 4, and for the UL-DL-DL-DL TDD pattern the resulting latency is shown in Table 5.
[bookmark: _Ref493257462][bookmark: _Hlk493257351]Table 4. Achievable CP latency for NR Rel-15 in ms for TDD with alternating UL-DL pattern.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	14-symbol TTI
	17
	8.5
	4.3
	2.1



[bookmark: _Ref493257549]Table 5. Achievable CP latency for NR Rel-15 in ms for TDD with UL-DL-DL-DL pattern.
	CP latency (ms)
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	14-symbol TTI
	25
	12.5
	6.3
	3.1



As can be seen in the table, all considered configurations fulfil the 20 ms 5G target on CP latency for the alternating UL-DL TDD pattern but not the 10 ms latency requirement
1. [bookmark: _Toc497565951][bookmark: _Toc497565981][bookmark: _Toc497566553][bookmark: _Toc497568362][bookmark: _Toc497835091][bookmark: _Toc497835213][bookmark: _Toc497835849][bookmark: _Toc497838039][bookmark: _Toc497838065][bookmark: _Toc497839006][bookmark: _Toc498693668][bookmark: _Toc498698213]With high DL load pattern for NR Rel-15 TDD, neither 15 kHz nor 30 kHz will meet 10 ms CP latency requirement. 30 kHz can meet 20 ms CP latency requirement.
1. [bookmark: _Toc497839007][bookmark: _Toc498693669][bookmark: _Toc498698214]With low DL load pattern for NR Rel 15 TDD, 15 kHz will not meet 10 ms latency requirement but both 15 kHz and 30 kHz will meet 20 ms latency requirement. 
[bookmark: _Toc497839008][bookmark: _Toc498693670][bookmark: _Toc498698215]For sub-6 GHz, if we have 10 ms latency requirement, then depending on the DL load pattern in TDD, only one set of configurations is valid, which is very restrictive in terms of flexibility and future proof. 
1. [bookmark: _Toc497838040][bookmark: _Toc497838066][bookmark: _Toc497839009][bookmark: _Toc497838041][bookmark: _Toc497838067][bookmark: _Toc497839010][bookmark: _Toc498693671][bookmark: _Toc497568363][bookmark: _Toc497835092][bookmark: _Toc497835214][bookmark: _Toc497835850][bookmark: _Toc498698216]To support 10 ms control plane latency requirement for low latency applications, besides non-slot based scheduling for PDSCH/PUCCH, non-slot based scheduling of PDCCH is also required. 
[bookmark: _Toc497838068][bookmark: _Toc497839011][bookmark: _Toc492651200][bookmark: _Toc492651239][bookmark: _Toc492651272][bookmark: _Toc492651418][bookmark: _Toc492651649][bookmark: _Toc492652335][bookmark: _Toc492652476][bookmark: _Toc492652632][bookmark: _Toc492652750][bookmark: _Toc492652902][bookmark: _Toc492653242][bookmark: _Toc492654687][bookmark: _Toc492654722][bookmark: _Toc492655145][bookmark: _Toc492655316][bookmark: _Toc492656377][bookmark: _Toc492656696][bookmark: _Toc492656726][bookmark: _Toc492656758][bookmark: _Toc492656826][bookmark: _Toc492656873][bookmark: _Toc492657040][bookmark: _Toc492890738][bookmark: _Toc492903906][bookmark: _Toc492903940][bookmark: _Toc492904128][bookmark: _Toc492904227][bookmark: _Toc494286690][bookmark: _Toc494286699][bookmark: _Toc494289578][bookmark: _Toc494289839][bookmark: _Toc494724891][bookmark: _Toc497756715][bookmark: _Toc497756797][bookmark: _Toc497756864][bookmark: _Toc497756885][bookmark: _Toc497758308][bookmark: _Toc497758618][bookmark: _Toc497832700][bookmark: _Toc497832737][bookmark: _Toc497832780][bookmark: _Toc497832832][bookmark: _Toc498693672][bookmark: _Toc498698217]Support non-slot based scheduling of PDCCH for RAR
The observations and proposal above can be used as a starting point for discussion on non-slot based scheduling for PDCCH of RAR. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we made the following observations:
Observation 1	The worst-case CP latency in NR Rel-15 FDD is 14TTI for 2TTI processing in gNB and 1TTI processing in UE.
Observation 2	15 kHz SCS cannot meet 10 ms requirement but 30 kHz can meet 10 ms requirement. Both 15 kHz and 30 kHz meet 20 ms CP latency requirement.
Observation 3	The worst-case CP latency in NR Rel-15 TDD with alternating UL-DL pattern is 17 TTI for 2 TTI processing in gNB and 1TTI processing in UE.
Observation 4	With high DL load pattern for NR Rel-15 TDD, neither 15 kHz nor 30 kHz will meet 10 ms CP latency requirement. 30 kHz can meet 20 ms CP latency requirement.
Observation 5	With low DL load pattern for NR Rel 15 TDD, 15 kHz will not meet 10 ms latency requirement but both 15 kHz and 30 kHz will meet 20 ms latency requirement.
Observation 6	For sub-6 GHz, if we have 10 ms latency requirement, then depending on the DL load pattern in TDD, only one set of configurations is valid, which is very restrictive in terms of flexibility and future proof.
Observation 7	To support 10 ms control plane latency requirement for low latency applications, besides non-slot based scheduling for PDSCH/PUCCH, non-slot based scheduling of PDCCH is also required.

Based on the discussion in this contribution, we propose the following:
Proposal 1	Support non-slot based scheduling of PDCCH for RAR
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