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1 Introduction

To meet the design purposes and requirements of random access procedure while the procedures’ (for distinct causes) performance mainly in terms of complexity, latency and overhead can be affected by various factors, on top of the baseline random access procedure [1], this contribution is aimed at the discussion of random access response format with consideration of back-off control by providing our sentiments with potential alternatives on those issues. 

In RAN2 #60 meeting, it has been agreed that random access response should use different format compared to normal DL-SCH PDU structure and variable number of RA response should be support. During last meeting, baseline format in [2] was assumed and further optimization is FFS. With the agreement on back-off control [3] in message 2, message 2 format for accommodating back-off control parameters should be discussed.

2 Discussions and Proposals on Random Access Response format with consideration of back-off control

As described in [1][2][4][5], random access response is intended for a variable number of UEs and for each detected PRACH preamble, random access response contains different combination of the following fields according to access causes (depending on access case, some fields such as UL grant and T-CRNTI may not be required).  
· Random access preamble identifier (RAPID) (6 bits)

· Timing alignment information (TA) (11 bits)

· UL grant (21~37 bits compared to normal grant 40 bits on PDCCH)

· T-CRNTI (16 bits)

2.1 Random Access Response format

With the agreement on RACH signature overload control, following view on RA response format is from the angle of the addition of back-off control information, especially back-off (access) control indication.  Pros and Cons of adopting different control indication mechanisms are also discussed.

2.1.1 Control Indication by reserved RA-RNTI 

It’s considered that using reserved RA-RNTI for control indication may result in more reliable reception of message 2 (may include both back-off control parameters and RA response to RAPID), less overhead in message 2, as well as less complexity and delay on detection of back-off control information. In Figure 1, we show possible random access response format(s) by using reserved RA-RNTI on L1/L2 as indication.
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Figure 1. Back-off control information part and Response part are in separated PDUs

In Figure 1, it’s shown how MAC PDU looks like by using reserved RA-RNTI on L1/L2 as control indication with the assumption that the control message 2 will be transmitted separately. When a UE detects the reserved RA-RNTI on L1/L2, the UE considers the MAC PDU contains back-off control information/parameters only without inclusion of MAC header (even no R1 and R2). 

It’s believed that the reception reliability of back-off control information is important (it’s considered more important than response message during congestion). Since control message 2 contains back-off control information/parameters only so as to be of smaller size, under certain block error rate (BLER), the reception of control message 2 is more reliable, especially when the UE only needs to monitor RA-RNTI (without the need to also check control indication in MAC (sub)header). With the successful reception of message 2, system performance is maintained and then probability of successful completion of current and subsequent RA procedures become higher (consequently reduces possible delay as well power and radio consumption). 

In addition, all UEs having made PRACH access attempts (before the end of response window time and for UE without reception of associated RA response) in different PRACH resources would detect the reserved RA-RNTI. Therefore, the network doesn’t need to include back-off control information in MAC PDUs for each RA-RNTI to be responded (compared to control indication in header). Consequently, overhead caused by header information (e.g. if control indication is in MAC header) and unnecessary inclusion of back-off control information (e.g. for each RA-RNTI to be responded before overload being alleviated) are significantly reduced (and can be used for compensation of radio resource due to stand-alone control message 2). 

Moreover, if the control indication is included in each MAC subheader, the UE needs to either check control indication for each MAC subheader in MAC PDU header if there is no additional rule (e.g. stand-alone control message 2 or put it at the beginning of message 2) or check control indication until its detection or to the end of header; therefore, the number of times of checking indication is at least one. In addition, the UE needs to find the position of back-off control information in the message 2. In contrast, the detection and reception complexity is reduced by using reserved RA-RNTI as control indication since the UE shall detect back-off control indication only by monitoring reserved RA-RNTI (the UE compares detected RA-RNTI once for a MAC PDU and then direct reception if detected). 

On the other hand, delay on detection and reception of access control information or even preamble response is also reduced due to less detection and reception complexity and direct transmission (e.g. if control indication is in MAC subheader, possible postponement of the inclusion of back-off control information in subsequent PDU may occur). In addition, since the reception of control message 2 is direct and more reliable, unnecessary delay on applying back-off control may be further reduced, which is more significant during very high system load (e.g. you may always detect yourself in message 2 and never apply back-off). 

It may be argued that the radio resource may not be fully used if only control message 2 is transmitted without inclusion of preamble response(s). However, due to system overload, the actual number of preamble responses (and following steps to be performed in RA procedure) to be handled shall be quite limited. In addition, the issue can be alleviated if resources are well scheduled. 

The summary of aforementioned analysis is list in Table 1.

	Comparsion between reserved RA-RNTI and header indication
	Pros
	Cons

	Reserved RA-RNTI with no MAC header
	Less Complexity

Less overhead

Less Power consumption

Less delay

More reliable reception of control information

An reserved bit (e.g. R2) can be utilized for optimization on UL grant and no additional rule to be introduced 

Default back-off control can be applied as long as reserved RA-RNTI is detected (see details in section 2.2)
	Two separate formats (but reduced complexity actually on detection and reception of response message ) 

Reserved bit is not utilized if no optimization on UL grant

	Header indication bit
	One format for both control and preamble response (but more complexity actually on detection and reception)

Reserved bit is utilized if no optimization on UL grant 
	Compared to the Pros of reserved RA-RNTI

Additional rules are required for optimization


Table 1. Summary of comparison

Therefore, with aforemention consideration we propose to use reserved RA-RNTI as control indication (Proposal 1). We also propose to use separate control message (no MAC header) (proposal 2). 

2.2 Default back-off control parameters

From Figure 1 in section 2.1.1, it’s considered that the message 2 (control message only or both of control and response message) addressed by reserved RA-RNTI may not be successfully received. However, if there is a set of default back-off control parameters (configured or predefined), as long as reserved RA-RNTI is detected, the back-off control with default parameters can be applied when the message 2 is not successfully detected.

Therefore, we propose to have default back-off control parameters (proposal 3).
3 Conclusion

In the above discussion, proposals related to issues of random access response format and back-off control are introduced
Proposal 1: to use reserved RA-RNTI as control indication.

Proposal 2: to use separate control message (no MAC header).
Proposal 3: to have default back-off control parameters.

The purpose of contribution is to provide our sentiments on possible issues while raising the discussion on each proposal at RAN2. Finally, we propose to cover the RAN2 consensus in the TSs. 
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