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1.
Introduction
RA response format was discussed during last meeting and there are some common agreements on RA response for E-UTRA, such as it should use a different format compare to normal DL-SCH PDU structure and variable number of RA responses per PDU should be supported. But the exact format of the RA response, e.g. whether different formats of RA response for different RA causes should be supported and how the back-off control is signalled, is still under discussion. This contribution discusses the details about RA response format.
2. Discussion

The Random Access Response for different cause for random access may contain different combination of timing alignment, uplink grant, Temporary C-RNTI and RAPID (RA preamble identifier) [1]. And if the overload condition is detected by eNB, the back-off message is also transmitted via Random Access Response. Different RA response format could reduce overhead, but if it is supported, the complexity must be limited.
2.1 About Temporary C-RNTI

As discussed and agreed in RAN2 #58bis, the grouping configuration of random access preamble is common for all PRACH and broadcasted on BCCH [2]. We propose that the Temporary C-RNTI could be omitted in the RA response for non-contention based random access without any explicit signalling. When UE reads the RAPID, even it is not identical to the ID of the preamble it has transmitted, it could know that the RA response is an RA response with or without Temporary C-RNTI according to the RAPID belonging to the group of dedicated of non-dedicated preambles.

Proposal 1: Temporary C-RNTI could be omitted in the RA response for non-contention based random access without any explicit signalling.
Here gives a simple example of RA response PDU format for illustration as Figure 1 shows:

The R1 and R2 bits are reserved for byte alignment. The R1 bit or a special value of R1 R2 combination could be used to indicate whether it’s the end of the header. The details will be discussed in section 2.2.
When UE2 receives a RA response PDU addressing to the RA-RNTI corresponding to the PRACH it has transmitted the preamble, it will read the header from the beginning. After it gets the RAPID2 for itself, it will continuously read until the end of the header. Then it will calculate the position of RA response for itself by setting the offset as a RA response of a contention based random access (RA response for UE1), and read the following number of octets for non-contention based random access to get RA response for itself. The procedure is quite simple and no extra signalling introduced.
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Figure 1: Example of RA response PDU
2.2 The reserved 2 bits
About the reserved 2 bits in the header, we propose that, as mentioned in section 2.1, a special value of R1 R2 combination (e.g. “00”) could be used to indicate whether it’s the end of the header; and another special value (e.g. “11”) could be used to indicate the RA response is for control; the rest 2 combination (e.g. “01” and “10”) could be used to indicate whether UL grant is included in the RA response.
Table 1: R1 R2 bits interpretation
	R1 R2
	Description

	00
	Last RAPID follows

	01
	RA response with UL grant

	10
	RA response without UL grant

	11
	RA control


According to the R1 R2 bits, and further information by the following RAPID discussed in section 2.1, the UE would know the exact size of the RA response of the corresponding RAPID. 
The formats of RA response for different causes are as Figure 2-4 show with the header and the content put together for illustration. The discussion whether header based or header-less RA response format should be adopted is discussed in section 2.3.
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Figure 2: RA response for non-contention based random access with UL grant
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Figure 3: RA response for contention based random access with UL grant

[image: image4.emf]RAPID 1 0 Oct 1

TA

RA 

Response 

without 

UL grant 

for UE 

with 

dedicated 

preamble

RAPID


Figure 4: RA response for non-contention based random access without UL grant
The case of R1 R2 = “10” and the RAPID is an ID for non-dedicated preamble is an error case. When UE received a PDU containing such combination, the PDU should be discarded.

For the last RA response in the PDU indicated with R1 R2 = “00”, though it can’t be indicated as “01” or “10” whether UL grant is included, only the necessary information needs to be included, because if the last RAPID is not identical to the ID of the preamble the UE has transmitted, the UE could simply ignore the following content in the RA response PDU. While if the last RAPID is identical to the ID of the preamble the UE has transmitted, the UE would know the format of the RA response for itself according to its RA cause, i.e. know whether the Temporary C-RNTI and/or the UL grant are included.
Proposal 2: Adopt the interpretation as in table 1 for the R1 R2 bits in each sub header.

Proposal 3: Only the necessary information needs to be included in the last RA response in the PDU.

2.3 Header based or header-less
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Figure 5: Example of Header-less RA response PDU
An alternative RA response format is Header-less RA response as proposed in [3]. Head-less RA response of the example in section 2.1 is illustrated as Figure 5 shows.

When UE2 receives a RA response PDU addressing to the RA-RNTI corresponding to the PRACH it has transmitted the preamble, it will read from the beginning to see whether RAPID1 is identical ID of the preamble it has transmitted. When it finds that RAPID1 is not for itself and it’s a non-dedicated preamble ID, it will set the offset as the size of contention based RA response and read the next octet with RAPID2 to see whether it is identical ID of the preamble it has transmitted. After it gets the RAPID2 for itself, it will read the following number of octets for non-contention based random access to get RA response for itself.
The differences between Header based and Header-less RA response format:

For Header-less RA response format, the UE has to set the offset each time until it finds the RAPID for itself or until to the end of the PDU. Averagely more than N/2 offset operation is made where N is the average number of RA response in a PDU.

For Header based RA response format, the UE has to read until the end of the header even it finds the RAPID for itself earlier and calculate the offset by the size of the RA response(s) with RAPID(s) prior to the RAPID for itself to get the RA response. The UE would always read N octets first where N is the number of RA response in a PDU, and either one more offset operation or no offset operation would be made depending on whether the PDU contains the RAPID for itself. 
Discussion: The pros and cons of header based and header less RA response format need to be discussed and which one to adopt needs to be decided.
3. Proposals
The details of RA response format are discussed in this contribution and following proposals are proposed:
Proposal 1: Temporary C-RNTI could be omitted in the RA response for non-contention based random access without any explicit signalling.

Proposal 2: Adopt the interpretation as in table 1 for the R1 R2 bits in each sub header.

Proposal 3: Only the necessary information needs to be included in the last RA response in the PDU.
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