3GPP TSG-RAN WG2 #99 meeting
R2-1708970 

Berlin, Germany, 21st – 25th August 2017                    
Agenda Item:
10.3.1.4.3
Source: 
Huawei, HiSilicon
Title: 
Content of RAR
Document for:
Discussion and decision

1 Introduction

During last several RAN2 meetings, random access (RA) procedures in NR have made some processes including RA events, RA procedure initialization, etc. In RAN2# 98 meeting, RAR reception in NR reuses the LTE principle in case of no beamforming as follows,
1. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble
In RAN2 NR#2 meeting, the following agreements are achieved with respect to content of RAR in case of on-demand SI request. 
Agreements for Msg1 based SI request method:

1:
RAPID is included in Msg2.

2: 
Fields Timing Alignment Information, UL grant and Temporary C-RNTI are not included in Msg2.

3:
RACH procedure for SI requests is considered successful when Msg2 containing a RAPID corresponding to the transmitted preamble is received.

4:
Msg2 reception uses RA-RNTI that corresponds to the Msg1 transmitted by the UE (details of RA-RNTI selection left to UP discussion)

7:
Back off is applicable for Msg1 based SI requests but no special Back off subheader/ procedure is required.
Although MAC RAR format has not been decided yet, this contribution intends to discuss some fundamental contents of RAR for normal cases in NR. 
2 Discussion
2.1 MAC subheader content for RAR
In LTE, a MAC PDU for RAR consists of a MAC hearer and zero or more MAC RARs and optionally padding where MAC header consists of one or more MAC PDU headers. As illustrated in Figure 1, one MAC PDU subheader includes the field of the RAPID indicating the preamble index received by the gNB except for the Backoff Indicator subheader. In Figure 2, one Backoff Indicator subheader carries at least the field of BI which can be used to determine the back off interval before another RA attempts.
As the agreement made on RAR reception above, RAR reception is considered to be successful only if the received RAR corresponding to both the RACH preamble transmitted by UE in addition to the associated RACH resource. Therefore, RAPID is needed in the MAC subheader for RAR in NR.
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Figure 1: E/T/RAPID MAC subheader

Proposal 1: RAPID is included in MAC subheader for RAR as in LTE.

In LTE, the backoff is adopted to cope with the high cell load. If the number of UE accessing to the network is relatively large, gNB could set a larger backoff parameter and include the BI in the subheader for RAR in order to restrict the number of UEs trying to access within a short period. By delaying another RA attempt to the indicated backoff time, the collision probability can be reduced to some content. The similar backoff mechanism should be also used in NR to alleviate the collision probabilities. Moreover, in LTE, backoff shall be applied to three cases:


Case 1: no Random Access Response is received within the RA Response window; 


Case 2: none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble; 


Case 3: contention resolution is considered not successful.

In NR, we think that case 2 and case 3 are still applicable. However, for case 1 a UE may not need to execute backoff. The main reason is that the channel could be vulnerable due to the impact of high frequency, so that there would be a high probability that a UE cannot receive RAR within the RAR window due to the failure of receiving preamble by the gNB. As a result, if a UE does not receive any RAR in the previous RAR window, it seems preferable for the UE to retransmit preamble immediately by using a higher power instead of waiting for an unnecessary period of time.
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Figure 2: E/T/R/R/BI MAC subheader

Proposal 2: BI is included in MAC subheader for RAR as in LTE.
Proposal 3a: In NR, Backoff is applied in NR if none of all the received RARs in the RAR window contains the preamble identifier corresponding to the one the UE has transmitted, or if contention resolution is considered not successful.

Proposal 3b: In NR, backoff is not applied to the case where the UE cannot receive any RAR in the previous RAR window.

2.2 Content for RAR
In LTE, RAR consists of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI as showed in figure2. Based on the RAR, the UE will perform the Msg3 transmission. We believe this is also applicable to NR. As seen from the agreements on RAR for on-demand SI request, RAR format is not fixed as in LTE by removing the fields of TA, UL Grant and Temporary C-RNTI. Similar to contention free RA procedures, the UE shall ignore the contents of temporary C-RNTI even it is included in successfully received RAR. In case of DL data arrival that triggered the contention free RA, the UL Grant is not needed in the RAR so that the size of MAC PDU for RAR can be further reduced for efficiency. 
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Figure 3: RAR format in LTE

Proposal 4: Except for SI request-based RACH, the RAR format includes at least field of Temporary C-RNTI, UL grant, TA for contention-based RA as in LTE.
Proposal 5: T-C-RNTI may not need to be included in RAR for contention-free RA.

Proposal 6: UL grant may not need to be included in RAR for contention-free RA (e.g. for DL data arrival).

In LTE, in asynchronous HARQ operation, a HARQ process is associated with a TTI based on the received UL grant except for UL grant in RAR. Except for NB-IoT, each asynchronous HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RAR, HARQ process identifier 0 is used. HARQ feedback is not applicable for asynchronous UL HARQ. However, there is no need for such restriction on the HARQ process ID associated with the MSG3. If the UE have multiple HARQ processes including the MSG3 transmission, one possible way is to indicate the HARQ process identity associated with the MSG3 retransmission in RAR. However, there are two feasible methods to indicate the HARQ process ID within RAR. 
· Indication in DL assignment for RAR: 
· Indication in MAC RAR  
Proposal 7: For UL asynchronous HARQ, RAR can indicate the HARQ process identity associated with the MSG3 retransmission.
3 Conclusion

Proposal 1: RAPID is included in MAC subheader for RAR as in LTE.

Proposal 2: BI is included in MAC subheader for RAR as in LTE.
Proposal 3a: In NR, Backoff is applied in NR if none of all the received RARs in the RAR window contains the preamble identifier corresponding to the one the UE has transmitted, or if contention resolution is considered not successful.

Proposal 3b: In NR, backoff is not applied to the case where the UE cannot receive any RAR in the previous RAR window.

Proposal 4: Except for SI request-based RACH, the RAR format includes at least field of Temporary C-RNTI, UL grant, TA for contention-based RA as in LTE.
Proposal 5: T-C-RNTI may not need to be included in RAR for contention-free RA.

Proposal 6: UL grant may not need to be included in RAR for contention-free RA (e.g. for DL data arrival).

Proposal 7: For UL asynchronous HARQ, RAR can indicate the HARQ process identity associated with the MSG3 retransmission.
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