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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to SA2 Ls [1], a UE may send the busy indication to the network if it doesn’t want to response to a paging. In the Ls, RAN2 is asked to answer the following questions about busy indication. 
	Question 10a (Q4 in [1]): What is the expected time (in ms) required for UE to send a (NAS) busy indication to Network B?
Question 10b (Q4 in [1]): Would a scheduling gap be needed for network A to enable the UE to monitor the paging occasion and send the busy indication in network B?
Question 11 (Q5 in [1]): Is it feasible (and secure) that the busy indication is sent as an RRC message instead (no NAS message to the CN) i.e. as an RRC response to paging without requiring an RRC connection?


This paper will provide the detailed latency analysis and feasibility evaluation for sending a busy indication.
2. Discussion
2.1   NAS/RRC busy indication for RRC idle UE
For RRC idle UE, NAS busy indication can be included in the RRC Connection Setup complete message. While, RRC busy indication can only be sent to the network when the AS security has been activated, thus the UE can send a RRC busy indication no earlier than the transmission of the SMC complete message. The procedure and the assumptions of each component for sending a busy indication in NR and LTE are shown in Table 1, respectively.
Table 1: Procedure and assumptions for sending a busy indication for RRC idle UE
	Step
	Description
	Latency in NR [ms]
	Latency in LTE [ms]

	1
	PO reception
	4
	1

	2
	Delay due to RACH scheduling period
	0.5
	2.5 

	3
	Transmission of RACH Preamble
	1~3.5
	1

	4
	Preamble detection and processing in RAN
	0.0045~ 0.0714
	2

	5
	Transmission of RA response
	0.0625 ~ 1
	1

	6
	UE Processing Delay (decoding of scheduling grant, timing alignment, and C-RNTI assignment + L1 encoding of RRC Connection Setup Request)
	0.66~1.035
	4

	7
	Transmission of RRC Connection Setup Request
	0.0625 ~ 1
	1

	8
	Processing delay in RAN
	3
	3

	9
	Transmission of RRC Connection Setup
	0.0625 ~ 1
	1

	10
	Processing delay in UE of RRC Connection Setup including grant reception
	10
	15

	11
	Transmission of RRC Connection Setup complete
(NAS busy indication)
	0.0625 ~ 1
	1

	12
	Processing delay in RAN
	3
	3

	13
	S1-C/NG-C Transfer delay
	3~10
	3~10

	14
	MME/AMF Processing Delay
	15
	15

	15
	S1-C/NG-C Transfer delay
(NAS busy indication ACK)
	3~10
	3~10

	16
	Processing delay in RAN
	3
	3

	17
	Transmission of SMC
	0.0625 ~ 1
	1

	18
	Processing delay in UE of SMC
	5
	10

	19
	Transmission of SMC complete 
(RRC busy indication)
	0.0625 ~ 1
	1

	20
	Processing delay in RAN
	3
	3

	21
	Transmission of RRC Connection Release 
(NAS/RRC busy indication ACK)
	0.0625 ~ 1
	1

	NOTE: 
1. in step 1, 4ms is assumed for NR according to TS 38.304, and 1ms for LTE according to TS 36.304. 
2. in step 2, the delay depends on the PRACH configuration, which is given by [6.3.3, TS 38.211]/[5.7.1, TS 36.211]. Here 0.5ms and 2.5ms are assumed only for the evaluation. 
3. in step 3, the latency for NR is the length of the preamble according to the PRACH format [6, 38211], thus the required time is 1~3.5ms. For LTE, the latency can be considered as 1ms according to TR 37.910.
4. in step 4 for NR, the lower bound can be 1 OFDM symbol, i.e., 0.0045~ 0.0714ms. The upper bound may vary depending on the network implementation. For LTE, 2ms can be assumed according to TR 37.910.
5. in step 5,7,9,11,17,19,21 for NR, the latency can be 1 slot, i.e., 0.0625 ~ 1ms. For LTE, 1ms is assumed.
6. in step 6, the delay for NR is given by NT,1+NT,2+0.5 ms[8.3, TS 38213], and 4ms is assumed for LTE, according to TR 37.910. 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. NT,1 is around 0.071~0.214ms, and NT,2 is around 0.089~0.321ms, thus, the delay of this step is about 0.66~1.035ms. 
7. in step 8, the delays is referred to TR 37910, where inside-gNB/eNB or inter-gNB/eNB communication are not included. 
8. in step 10 and 18, the delay for NR and LTE can be given by TS 38.331 and TS 36.331, respectively.
9. in step 13 and 15, the delay is given by 3~10ms, which is referred to [2].
10. in step 14, 15ms is assumed according to TR 36.912.


Given by the above table, the latency for sending a NAS busy indication (step 1~16, 21) in NR and LTE can be 47~68ms and 61~75ms. The latency for sending a RRC busy indication (step 1~21) in NR and LTE can be 55~78ms and 76~90ms.
When considering HARQ retransmission, HARQ RTT for each message can be assumed to be 1ms and 5ms for NR FDD and TDD, respectively, and to be 8ms and 11ms for LTE FDD and TDD, respectively [3]. If 10% HARQ BLER is assumed, HARQ delay can be given by (6*0.1*HARQ RTT) and (8*0.1*HARQ RTT) for NAS and RRC busy indication, respectively. Thus the delay caused by HARQ re-transmission is 0.6~3ms and 4.8~6.6ms for NAS busy indication in NR and LTE, respectively, and is 0.8~4ms and 6.4~8.8ms for RRC busy indication in NR and LTE, respectively. Then, the total latency for sending a NAS busy indication with HARQ re-transmission in NR and LTE is around 48~71ms and 66~82ms, respectively. The total latency for sending a RRC busy indication with HARQ re-transmission in NR and LTE is around 56~82ms and 82~99ms, respectively, in which the delays for network implementation is not included.
Observation 1 	For RRC idle UE, if the NAS busy indication is included in the RRC Connection Setup complete, the required time may be 48~71ms and 66~82ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
[bookmark: _GoBack]Observation 2 	For RRC idle UE, if the RRC busy indication can be multiplexed with the SMC complete message, the required time may be 56~82ms and 82~99ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
2.2   RRC busy indication for RRC inactive UE
For RRC inactive UE, the security has been activated when sending the RRC connection resume request message, thus the UE can include the busy indication in the RRC connection resume request message. The network can release the UE by the response. The below table 2 shows the procedure and the assumptions of each component for inactive UE to send a RRC busy indication in NR and LTE, respectively. 
Table 2: Procedure and assumptions for sending a RRC busy indication for RRC inactive UE
	Step
	Description
	Latency in NR [ms]
	Latency in LTE [ms]

	1
	PO reception
	4
	1

	2
	Delay due to RACH scheduling period
	0.5
	2.5 

	3
	Transmission of RACH Preamble
	1~3.5
	1

	4
	Preamble detection and processing in RAN
	0.0045~ 0.0714
	2

	5
	Transmission of RA response
	0.0625 ~ 1
	1

	6
	UE Processing Delay (decoding of scheduling grant, timing alignment, and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	0.66~1.035
	4

	7
	Transmission of RRC Connection Resume Request (including a busy indication)
	0.0625 ~ 1
	1

	8
	Processing delay in RAN (+ UE context retrieval: 3~10ms)
	6~13
	6~13

	9
	Transmission of RRC Connection Release 
(busy indication ACK)
	0.0625 ~ 1
	1


Given by the above table, the latency for sending a RRC busy indication in NR and LTE can be 12~25ms and 19.5~26.5ms. When considering HARQ retransmission, HARQ RTT can be assumed to be 8ms and 11ms for LTE FDD and TDD, respectively [3]. And HARQ RTT can be assumed to be 1ms and 5ms for NR FDD and TDD, respectively. If 10% HARQ BLER is assumed, the HARQ delay can be given by (4*0.1*HARQ RTT), thus the delay caused by HARQ retransmission is 0.4~2ms and 3.2~4.4ms for NR and LTE, respectively. Then, the total latency for sending a NAS busy indication with HARQ retransmission in NR and LTE is around 12~27ms and 23~31ms, respectively, in which the delays for network implementation is not included.
Observation 3 	For RRC inactive UE, the required time to send a RRC busy indication may be 12~27ms and 23~31ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
Since the actual latency may be greatly impacted by network implementation. Thus, the required time for an RRC idle UE sending a busy indication may be larger than 100ms if delays due to network implementation is included, which will impact the current ongoing service in network A. Hence, we propose:
Observation 4 	For RRC idle UE, sending a busy indication in NW B will impact the current ongoing service in NW A.

For RRC idle UE, the security cannot be guaranteed if the busy indication is included in the Msg3 without RRC connection. That means it’s infeasible to send RRC busy indication without RRC connection. 
RRC busy indication in RRCResume without RRC connection is not feasible for RRC idle UE due to security issue.
It is unrealistic for the network to configure the UE to RRC inactive state upon release the UE, just in order to enable the UE to send a RRC busy indication with RRC inactive state. Since that there is no unified busy indication solution for both RRC inactive and idle state, as well as the limited benefit, increased complexity and possible drawback for supporting different solutions, the busy indication is not preferred. Thus, we propose the following:
Observation 5 	There is no unified busy indication solution for both RRC inactive and idle state.
Busy indication is not supported. 
3. Conclusion
This paper discussed the potential solutions for paging reception collision issue. The paper concludes with:
Observation 1 	For RRC idle UE, if the NAS busy indication is included in the RRC Connection Setup complete, the required time may be 48~71ms and 66~82ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
Observation 2 	For RRC idle UE, if the RRC busy indication can be multiplexed with the SMC complete message, the required time may be 56~82ms and 82~99ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
Observation 3 	For RRC inactive UE, the required time to send a RRC busy indication may be 12~27ms and 23~31ms in NR and LTE, respectively, where the delay due to NW implementation is not included. 
Observation 4 	For RRC idle UE, sending a busy indication in NW B will impact the current ongoing service in NW A.
Observation 5 	there is no unified busy indication solution for both RRC inactive and idle state.
Proposal 1 RRC busy indication in RRCResume without RRC connection is not feasible for RRC idle UE due to security issue.
Proposal 2 busy indication is not supported. 
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