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1 Introduction

RACH msg2 format has not been defined yet in RAN2. Some preliminary agreements were taken during last RAN2#60 meeting:

· a different format may be used for msg2 compared to normal DL-SCH PDU
· support for variable number of responses

· support for extendibility inside the PDU format is FFS

Several structures for RACH msg2 format and contents are investigated in the following section.

2 Discussion

2.1 Header for Msg2

LCID

In the current version of MAC spec 36.321 it is captured that LCID=11100 is reserved to RACH Message2, however Message2 is never multiplexed at MAC layer with other MAC SDUs and the RA-RNTI on the L1/2 control channel clearly indicates the presence of the Message2 on data channel and its special format.
The omission of LCID can simply be compensated with an interaction between L1 and L2: after decoding RA-RNTI on the control channel the L1 will inform MAC layer of the special format of the MAC PDU.

Proposal 1: not to include the LCID in the header corresponding to the MAC SDU containing the Msg2.

RAID
The Preamble ID belongs to the mandatory information set included in Msg2 and it is needed to address multiple UEs in the same message, and then to support more than one Random Access response in the same message. In order to allow a fast decoding for each UE, the RAIDs corresponding to different UEs should be inserted in the header and not in the payload.
Proposal 2: The header of Msg2 should contain elements to distinguish different responses and allow a fast decoding. The RAIDs should be included in the header of the Msg2. 
Proposal 3: in order to support variable number of responses and fast decoding, the header should also include one Extension bit in each Response header.
The basic structure of Msg2 header is shown in the following picture:
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Figure1: Msg2 header

Each header has one reserved bit. Its potential use is investigated in the following subsection.
Note that the header does not contain the L fields, since the length of the payload in all options below can be derived from the remaining elements in the header.
2.2 Payload for Msg2

Six scenarios requiring Msg2 can be identified. They are listed in the table in [1] and copied below together with the relevant needed information in Msg2. The first four scenarios requires in addition to RAID (which should be included in the header) also TA, UL grant, T-CRNTI, while T-CRNTI can be omitted for HO with dedicated preamble and both T-CRNTI and UL grant are not needed in case of DL data transmissions.

	

	TA
(11 bits)
	Initial UL grant
(~ 3bytes)
	Temporay C-RNTI
(16 bits)

	1-Initial Access
	X
	X
	X

	2-HO with a non-dedicated preamble
	X
	X
	X

	3-DL data arrival with a non-dedicated preamble
	X
	X
	X

	4-UL data arrival
	X
	X
	X

	5-HO with a dedicated preamble
	X
	X
	-

	6-DL data arrival with a dedicated preamble
	X
	-
	-


Table1: scenarios and needed info
According to the LS [2] from RAN1, TA size is 11 bits, whereas the UL grant should contain at least the following information which corresponds to more than 2 bytes:
· Transport format indication

· Resource block assignment 

· Power control correction

An UL grant of ~3 bytes is assumed in this contribution, in particular in option 1 and option 2 21 bits are considered in order to have byte alignment for TA and C-RNTI together. However the UL grant size does not impact the discussion below.
The following three main options have been identified for the payload format of Msg2:

Option 1 - no optimization

The simplest option is to include all fields in all scenarios according to the figure below where 21 bits are assumed for initial UL grant and each response has fixed size of 6 bytes for all scenarios.
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Fig.2 – option 1
The main drawback of the Option1 is the overhead due to the inclusion of all fields also when not needed. On the other hand all Responses have fixed and same size and the Msg2 format is very simple and easy to decode.

There is still room to add some other info (e.g. back-off separate control element or additional back-off info in the payload) using the R bit in the header.

Option 2 - partial optimization

Another alternative which allows a certain optimization is to split the scenarios in the table in two groups and to differentiate the first five scenarios and the last one. Two formats for the payload are designed and R bit in the header indicates which format is used in the corresponding Response in the payload:

· Format 1 (R=0): TA, UL grant, T-CRNTI

· Format 2 (R=1): TA
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Fig.3 – option 2

The option 2 format is not fully optimized, since T-CRNTI is sent for scenario 5 too, however in scenario 6 it allows quite a big saving (~5bytes). There is no room for other information.
Option 3 - full optimization

In order to consider all useful combinations and in particular to also allow or not the presence of TA and including additional information (power control for message3, backoff information in the payload, etc.), a 2bytes header is needed for each Response.

Some examples are shown below. 

The R bits in the first byte can also be used to indicate the presence of the second byte in the header:
· R=0 ( the Response contains TA, UL grant, T-CRNTI

· R=1 ( the header has an extra-byte and the payload contents is indicated in the extra-byte.
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Fig.4 – option 3

The extra-byte presence allows to assemble a flexible payload according to the specific needs. The extra-byte indicates not only the presence or absence of the info in the table 1 in the payload, but also of some other information which can be included in the payload, like power control for message 3 or back-off information. Furthermore the TA information can become optional in the payload to take into account the small cells scenarios as described in [3].
A special combination of elements in the payload corresponding to a specific structure can be associated to a certain word in the extra-byte or each bit in the byte can be associated to certain information and indicate its presence in the payload.

For example in the extra-byte header:
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Fig.4 – extra-byte meaning in the header

Option 3 guarantees a fully optimised payload format and it would also allow future extensions at the cost of an extra-byte in the header.
3 Conclusions 

Several proposals and alternatives are described for RACH Message 2 header and payload format. Alcatel-Lucent has a slight preference for option1.
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