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Message 3 contents for initial access and radio link failure:
In order to fit Message 3 size for initial access and radio link failure recovery to 72bits, following alternatives are identified. Note that short MAC-I (i.e. 16bits MAC-I) has to be supported to reduce the size of Message 3 (i.e. Proposal 4 in section2.2.2 has to be agreed).
No MAC header approach (Message 3 size is 72 bits): Alt.2 for initial access and Alt.B for radio link failure: 
· RRC: 48bits (contents are different between initial access and radio link failure recovery)
· PDCP/RLC: 0bit (as agreed)

· MAC: 0bit because of no MAC header approach
· L1: 24bits for CRC
Short CRC approach (Message 3 size is 72 bits): Alt.3 for initial access and Alt.C for radio link failure:
· RRC: 48bits (contents are different between initial access and radio link failure recovery)
· PDCP/RLC: 0bit (as agreed)

· MAC: 8bit because of normal MAC header

· L1: 16bits for CRC
In offline discussion, it seems that many companies support no MAC header approach. Therefore, it’s proposed to select no MAC header approach (for Proposal 2 in section2.2.1).
Following should be studied further based on agreement.
· How to support no MAC header approach based on RRC/MAC behaviour and RRC/MAC format (Proposal 3 in section2.2.1). 
· How to make short MAC-I and actual inputs to generate MAC-I. Baseline to make short MAC-I is to use part of 32bits MAC-I (Proposal 5 in section2.2.2)
TTI bundling for Message 3 transmission:
In offline discussion, it’s confirmed that TTI bundling is not necessary for initial access and radio link failure recovery, since Message 3 size could be fit to 72bits. Therefore, target of TTI bundling is mainly for latency reduction and for handover complete transmission in particular.
It is the view of many companies that TTI bundling is not required, if TTI bundling is mainly intended for Message 3 transmission. Therefore, it’s proposed to wait for RAN1 discussion on UL power limitation, and not to have any action in RAN2 before input from RAN1. 
1. Introduction

On the Message 3 transmission, RAN2 has a lot of discussion, but there are still many FFS. The reason is requirement to shorten Message 3 size. In order to clarify current situation, following issues should be discussed order of discussion.
Issue 1: Is 72 bits a strict restriction for Message 3 size? Or, is it possible to relax the restriction to e.g. 80 or 88 bits?
Issue 2: What are contents for Message 3 for initial access and radio link failure recovery based on results of above issues?
Issue 3: Is it necessary to increase Message 3 size e.g. by meaning of TTI bundling?

2. Discussion
2.1. Restriction for Message 3 size
There were two comments on restriction for Message 3 size during meeting.
· We can send 24 bits per HARQ retransmission. However in general we benefit from the smaller any message is (coding gain)
· 72-bit restriction is an approximate estimation and the extra 8 bits contributes to a fraction in RAN1’s assumption on IOT. Furthermore, the RAN1 assumed 21dBm UE, which may not be anyway the most common case
Even though it may be possible to increase Message 3 size e.g. by increasing HARQ retransmission or changing assumption on IOT, it should be clear that short Message 3 size is better. Therefore, RAN2 should try to fit Message 3 to 72bits, unless RAN2 couldn’t find any solution to fit 72bits. Note that, in case of Handover Complete transmission, required size for Message 3 size would be 88 or 96 bits (8bits for RRC, 40bits for PDCP, 16bits for RLC, 8bits for MAC and 16 or 24bits for CRC). Therefore, 80bits can not solve Handover Complete transmission case.
Proposal 1: It should be confirmed that RAN2 should try to fit Message 3 to 72bits as much as possible
2.2. Message 3 contents for initial access and radio link failure recovery
Message 3 contents are different between initial access and radio link failure. Therefore, these are discussed separately.
Table 1: Message 3 contents for initial access and radio link failure recovery
	
	Initial access
	Radio link failure recovery

	RRC
	Message type (2bits),
S-TMSI or random ID (40bits),
Establishment cause (4bits?)
UE ID indicator to distinguish S-TMSI or random ID (1bit (FFS))
	Message type (2bits),
C-RNTI (16bits),
Cell-ID (9bits)
MAC-I (16 or 32bits)

	PDCP
	N/A (as agreed)
	N/A (as agreed)

	RLC
	N/A (as agreed)
	N/A (as agreed)

	MAC
	MAC header (0 or 8bits)
	MAC header (0 or 8bits)

	L1
	CRC (16 or 24bits)
	CRC (16 or 24bits)


2.2.1. Message 3 contents for initial access

As stated in Table 1, MAC header and CRC are discussion point for initial access.
MAC header (no MAC header or normal MAC header):
It’s possible to support no MAC header for Message by having rule between RRC and MAC. One of the possible solutions is proposed in [1]. In general, no MAC header solution wouldn’t lead so much complexity. But, some concerns are raised to support it as follows:

· It’s not clear how we can achieve future prove. This should be considered further.
· In case of the no MAC header, we need to use bit of Message type in RRC message to distinguish between DCCH and CCCH. This is used by the receiving side of MAC. This might lead to increase the bits for Message type.
CRC (short CRC or normal CRC):
Following are current RAN1 agreements on CRC.

· DL: 24bits CRC for PDSCH and 16bits for BCH

· UL: 24bits CRC for PUSCH

In order to support 16bits CRC for PUSCH, RAN2 needs to consult RAN1. 

Message 3 size calculation is shown in Table 2. Table 2 shows that at least one optimization (i.e. either no MAC header (Alt. 2) or short CRC (Alt.3)) is required in order to fit Message 3 size to 72bits. Alternatively, normal MAC header and normal CRC are considered, if 80bits is allowed. In offline discussion, it seems majority is to go no MAC header rather than to go short CRC.
Proposal 2: It should be discussed whether to go no MAC header approach, short CRC for 72 bits, or both, unless normal MAC header and normal CRC can be used by increasing Message 3 size 
Proposal 3: In case of no MAC header, how to support no MAC header approach based on RRC/MAC behaviour and RRC/MAC format should be discussed further
Table 2: Message 3 size calculation for initial access
	
	Contents
	Size calculation

	
	
	Alt. 1
(no MAC header
short CRC)
	Alt. 2
(no MAC header
long CRC)
	Alt. 3
(MAC header
short CRC)
	Alt. 4
(MAC header
long CRC)

	RRC
	Message type (2bits),
S-TMSI (40bits),
Establishment cause (4bits?),
UE ID indicator to distinguish S-TMSI or random ID (1bit FFS)
	46 or 47bits -> 48bits for octet alignment
	46 or 47bits -> 48bits for octet alignment
	46 or 47bits -> 48bits for octet alignment
	46 or 47bits -> 48bits for octet alignment

	PDCP
	N/A (as agreed)
	0
	0
	0
	0

	RLC
	N/A (as agreed)
	0
	0
	0
	0

	MAC
	MAC header (0 or 8bits)
	0
	0
	8
	8

	L1
	CRC (16 or 24bits)
	16bits
	24bits
	16bits
	24bits

	Total
	
	64bits
	72bits
	72bits
	80bits


2.2.2. Message 3 contents for radio link failure recovery

Based on discussion, MAC-I is an additional discussion point for Message 3 contents for radio link failure compared with initial access. Message 3 bit calculation is shown in Table 3 (for short MAC-I) and Table 4 (for normal MAC-I).
MAC-I (short MAC-I or normal MAC-I):
This MAC-I needs to be included in RRC message. The treatment is different from normal behaviour. Therefore, short MAC-I wouldn’t lead so much additional complexities. In order to support short MAC-I with minimum complexity, one solution is to use part of 32bits MAC-I. This would be baseline for this solution. Functional split between RRC and PDCP should be decided further.
From security perspective, SA3 already agreed to use short MAC-I for initial access. Therefore, short MAC-I would be ok for radio link failure recovery, unless significant difference is identified between initial access and radio link failure recovery.
In addition, as shown in Table 4 (i.e. Alt. E - H), there is no alternative to fit Message size to 72bits in normal MAC-I. Therefore, short MAC-I has to be used. MAC and L1 behaviour should be same between initial access and radio link failure. Therefore, result of proposal 2 should be also applied for radio link failure recovery.
In offline discussion, there is a concern on 16bits MAC-I and there is a proposal to use 24bits MAC-I. In this case, both no MAC header and short CRC has to be supported in order to fit the Message 3 size to 72bits. However, it seems current majority opinion is no concern to support 16bits MAC-I.
Proposal 4: Short MAC-I (16bits MAC-I) which is included in RRC message should be applied for radio link failure recovery. 
Proposal 5: Functional split between RRC and PDCP should be decided further. It’s also proposed to capture the behaviour in stage 3 document.
Table 3: Message 3 size calculation for radio link failure recovery in case of short MAC-I (16bits)
	
	Contents
	Size calculation

	
	
	Alt. A
(Short MAC-I,
no MAC header
short CRC)
	Alt. B
(Short MAC-I,
no MAC header
long CRC)
	Alt. C
(Short MAC-I,
MAC header
short CRC)
	Alt. D
(Short MAC-I,
MAC header
long CRC)

	RRC
	Message type (2bits),
C-RNTI (16bits),
Cell-ID (9bits)
MAC-I (16 or 32bits)
	43bits -> 48bits for octet alignment
	43bits -> 48bits for octet alignment
	43bits -> 48bits for octet alignment
	43bits -> 48bits for octet alignment

	PDCP
	N/A (as agreed)
	0
	0
	0
	0

	RLC
	N/A (as agreed)
	0
	0
	0
	0

	MAC
	MAC header (0 or 8bits)
	0
	0
	8
	8

	L1
	CRC (16 or 24bits)
	16bits
	24bits
	16bits
	24bits

	Total
	
	64bits
	72bits
	72bits
	80bits


Table 4: Message 3 size calculation for radio link failure recovery in case of normal MAC-I (32bits)
	
	Contents
	Size calculation

	
	
	Alt. E
(Normal MAC-I,
no MAC header
short CRC)
	Alt. F
(Normal MAC-I,
no MAC header
long CRC)
	Alt. G
(Normal MAC-I,
MAC header
short CRC)
	Alt. H
(Normal MAC-I,
MAC header
long CRC)

	RRC
	Message type (2bits),
C-RNTI (16bits),
Cell-ID (9bits)
MAC-I (16 or 32bits)
	59bits -> 64bits for octet alignment
	59bits -> 64bits for octet alignment
	59bits -> 64bits for octet alignment
	59bits -> 64bits for octet alignment

	PDCP
	N/A (as agreed)
	0
	0
	0
	0

	RLC
	N/A (as agreed)
	0
	0
	0
	0

	MAC
	MAC header (0 or 8bits)
	0
	0
	8
	8

	L1
	CRC (16 or 24bits)
	16bits
	24bits
	16bits
	24bits

	Total
	
	80bits
	88bits
	88bits
	96bits


2.3. Necessity of special handling to increase Message 3 size

On Message size in Section2.2 discussion, one transmission is enough to transmit RRC Connection request for initial access and RRC Re-establishment request for radio link failure recovery. Therefore, special handling is not required for initial access and radio link failure recovery. 
RLC level segmentation is required for handover complete transmission, if only 72bits is allocated to UE. However, as discussed in Jeju meeting, 2nd segmented message could be transmitted in parallel with 1st segmented message for non-contention case. Therefore, the latency would be expected within 30ms (3 retransmissions + additional 1TTI) which satisfies LTE requirement (50ms). One argument to support special handling is PDCCH overhead reduction.  Since TTI bundling ｓdoes not appear to be necessary for handling the size of Msg3 transmissions, RAN2 will await the RAN1 LS response on UL power limitation before concluding on the TTI bundling issue.
Proposal 6: RAN2 should not have any action before input from RAN1
3. Conclusion
Based on discussion in section2, following are proposed. 
Proposal 1: It should be confirmed that RAN2 should try to fit Message 3 to 72bits as much as possible
Proposal 2: It should be discussed whether to go no MAC header approach, short CRC for 72 bits, or both, unless. normal MAC header and normal CRC can be used by increasing Message 3 size 
Proposal 3: In case of no MAC header, how to support no MAC header approach based on RRC/MAC behaviour and RRC/MAC format should be discussed further

Proposal 4: Short MAC-I (16bits MAC-I) which is included in RRC message should be applied for radio link failure recovery. 

Proposal 5: Functional split between RRC and PDCP should be decided further. It’s also proposed to capture the behaviour in stage 3 document.

Proposal 6: RAN2 should not have any action before input from RAN1
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