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Discussion and decision
1 Introduction

So far, RAN2 did examine the handling of some “Msg-3 cases” in quite some detail. E.g. ref [1] looked at the handover complete case. Also several inputs (e.g. ref [2]) looked at the contents of the RRC message 3 that might be contained. However so far no contribution seems to have looked at the contents of Msg3 across MAC and RRC. This is what we try to do in this contribution.
2 Cases handled with “Message 3”

We assume that the RACH, followed by Message 3, will be used for the cases indicated in table 1,
	
	Cause
	State transition
	MAC info in Msg3
	RRC info in Msg3

	
	
	
	Contention preamble
	

	a)
	Paging response
	IDLE ->

CONN
	?
 
	RRC CONNECTION REQ (RLC-TM < 72bits):

- Msg Type(2 ?)

- Id Type (1?) 

- S-TMSI (40)

- Cause/prio (4 ?)

- Other (FFS)

- CRC (16/24?)

	b) 
	Arrival of UL data


	
	
	

	c)
	Tracking Area Update

(periodic)
	
	
	

	d)
	Tracking Area Update

(change of TA)


	IDLE ->

CONN
	?
	RRC CONNECTION REQ (RLC-TM < 72 bits):

- Msg Type(2 ?)

- Id Type (1?) 

- Random-Id (40)

- Cause/prio (4 ?)

- Other (FFS)

- CRC (16/24?)

	e)
	Attach with IMSI


	
	
	

	f)
	Attach/Call setup with IMEI
	
	
	

	g)
	Re-establishment
	CONN ->

CONN
	?
	RRC CONNECTION RE-ESTABLISHMENT REQ

(RLC-TM < 72 bits)

- Msg Type(2 ?)

- old C-RNTI (16)

- old L1 cell id (9)

- NAS MAC-I (16/24/32?)

- Cause/prio (4 ?)

- Other (FFS)

- CRC (16/24?)

	
	
	
	Contention preamble
	Dedicated preamble
	

	h)
	Arrival of UL data
	CONN->CONN
	C-RNTI (8+16)
BSR (8+8/24bits; Opt?)

UL data
	N.A.

	-

	i)
	Arrival of DL data
	
	C-RNTI (8+16)
	-
	-


	j)
	Inter-ENB handover
	
	C-RNTI (8+16)
	-
	RRC CONN RECONF CMPL 
(RLC-AM with segm)


As can be seen from Table 1, the different cases can be grouped in 2 groups based on what layer handles contention resolution:
	Contention Control
	Subgroups
	Cases

	RRC
	Connection Est. with valid S-TMSI
	a, b, c

	
	Connection Est. with no valid S-TMSI
	d, e, f

	
	Re-establishment 
	g

	MAC
	
	h, i, j


Table 2: Case summary
If we look at the cases that have to be covered following the usage of a contention preamble, Msg 3 could either need only to contain an RRC Msg (a-g), or only MAC information (i), or possibly a combination of both (h,j). 
The RRC message size that can be contained in Msg3 is often critical. This is especially true for cases a – f where the minimum contents are something like:


Identity:


40 bits


Cause:


  4 bits


CRC:


16 bits (if RAN1 agrees to use a smaller CRC size)


Total:


60 bits

A more realistic minimum message size would be:


Msg Type:

  2 bits


Cause:


  4 bits


Identity:


40 bits


CRC:


24 bits


Total:


70 bits

Other information that should preferably be included are e.g. a “UE-release-Id” or “Pathloss measurement”. With a strict limit for Msg3 of 72 bits, it should be clear that every bit is very costly in this case.

In contrast the cases based on MAC contention resolution, although they ofcourse benefit from a lower overhead, do not seem very critical on MAC overhead.

The question then is:

How we can enable the eNB to detect whether an RRC SRB0 message is present in Msg3 after using a contention based preamble, without introducing too much overhead for the cases a-g ?
3 Rationale
3.1. Straight forward approach
In the most straight forward solution, we would start any Msg3 with a normal MAC header even if an SRB0 msg is included (cases a–g). This would introduce the following MAC header:
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Figure 1: MAC header for SRB0 (LCID=0)
Given the RRC message size limitations mentioned in section 2, it seems preferable to not spend a full additional byte on a MAC header for the cases a-g. It is also doubtful if such a solution would enable a feasible complete solution (i.e. all relevant information can still be transported).
3.2. Removing 1 byte MAC overhead for SRB0
3.2.1. Modelling

As a result, it would be preferable if the presence of RRC SRB0 contents could be detected by the first few bits in Msg3 after which the remaining bits of the header can be used for any RRC contents. 

In principle this can be achieved by two approaches: 

a) A separate short MAC header is defined for SRB0 in Msg3. Based on these initial MAC header bits, the eNB can determine whether it receives SRB0 (with short MAC header) or something else (with normal MAC header.
b) The RRC messages on SRB0 are encoded such that the eNB can determine from some first received bits whether it is receiving an RRC SRB0 message, or a normal MAC header.

Examples of both solutions are shown in figures 2 and 3 below.
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Figure 2: Approach a
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Figure 3: Approach b
Both the approach 1 and the approach 2 work. Samsung has no strong preference, but slightly leans to the approach 2 because it enables the MAC header of message 3 to remain byte-aligned. 
Proposal 1: 
In case an SRB0 RRC message is contained in Msg3 after having used a contention based preamble, no MAC header needs to be present. Some initial bits of the SRB 0 RRC messages will enable the receiver to distinguish it from a normal MAC header.
3.2.2. Detailed proposal based on currently agreed MAC header
Figure 1 shows the currently agreed MAC header.

If we look at table1 it seems possible to prevent a 1 byte of overhead: all the cases based on MAC contention following the usage of a contention preamble contain a C-RNTI. If we take e.g. LCID=”11111” for a MAC Control Element containing the C-RNTI and can make sure that none of the RRC messages that can be contained in Msg3 would start with “11111”, the receiving eNB can always determine the difference between a Msg3 starting with MAC or RRC contents.

Ensuring that the RRC messages do not start with a sequence of five times “1” seems relatively easy. E.g. if the first IE in the RRC message is the cause or Msg Type, and we mandate that an all “1” encoding is not allowed in this IE, the problem is solved.

Assuming we would have a 2 bit Msg Type in the beginning of the SRB0 messages, then a detailed solution could look as follows:

A. Reserve LCID = “11111” for the MAC Control Element containing the C-RNTI

B. Use a 2-bit Msg Type encoding for RRC messages on CCCH:

i. 00:
 RRC CONNECTION REQUEST

ii. 01: RRC RE-ESTABLISHMENT REQUEST

iii. 10: Spare

iv. 11: Reserved (not useable due to MAC encoding)

Proposal 2: 
If the current MAC header format is maintained, it is proposed that by having a bit pattern in the SRB0 RRC message different from the LCID identifying the C-RNTI MAC CE, the eNB can determine whether a MAC header is present.
3.2.3. Detailed proposal based on modified MAC header

Some companies have expressed concerns with the currently agreed MAC header format, and would like to see the LCID as the LSB 5 bits in the MAC header [3]. This would result in the following MAC header:


[image: image4.emf]R R E LCID Oct 1

R/R/E/LCID sub-header


Figure 4: MAC header for SRB0 (LCID=0)
In this type of solution, the first bit could be used to diffentiate between RRC SRB0 and a normal MAC header. Such a solution would potentially limit the applicability of happy bits (even though it is not agreed yet). We assume this is not a big drawback, because the MAC PDU anyway will contain a full BSR if needed in h ~ j.

Assuming we use 1 of the R bits, then a detailed solution could look as follows:

A. Set the first R bit of the first MAC sub-header 1, if the MAC PDU is carried over the message 3. 
B. Use a 2-bit Msg Type encoding for RRC messages on CCCH:

i. 00: RRC CONNECTION REQUEST

ii. 01: RRC RE-ESTABLISHMENT REQUEST

iii. 1x: Reserved (not useable due to MAC encoding)
Proposal 3: 
If the modified MAC header format as proposed by [3] is selected, it is proposed that by having a bit pattern in the SRB0 RRC message different from the setting of the first R-bit in the normal MAC header, the eNB can determine whether a MAC header is present.
5 Proposals
Based on the rationale in section 4, it is proposed to discuss and see if RAN2 could agree on the following proposal:
Proposal 1: 
In case an SRB0 RRC message is contained in Msg3 after having used a contention based preamble, no MAC header needs to be present. Some initial bits of the SRB 0 RRC messages will enable the receiver to distinguish it from a normal MAC header.
If the currently agreed MAC header format is maintained, the following proposal is applicable:

Proposal 2: 
If the current MAC header format is maintained, it is proposed that by having a bit pattern in the SRB0 RRC message different from the LCID identifying the C-RNTI MAC CE, the eNB can determine whether a MAC header is present.
If the modified MAC header format as proposed by [3] is selected, the following proposal is applicable:
Proposal 3: 
If the modified MAC header format as proposed by [3] is selected, it is proposed that by having a bit pattern in the SRB0 RRC message different from the setting of the first R-bit in the normal MAC header, the eNB can determine whether a MAC header is present.
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