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1 Introduction

In RAN2 #98, various aspects (such RAR window, RAR identification, node from which RAR is received when CA/DC is configured) of RAR transmission/reception was discussed and following agreements were made:

In this contribution we discuss further details such as information to be included in random access response.

2 Discussion
2.1 RAR Contents in LTE

In LTE, RAR includes RAPID, timing advance, UL grant and C-RNTI. RAPID is included in MAC header while other information is included in MAC payload. There can be multiple RARs in one MAC PDU. RAPID for each RAR is included in corresponding MAC subheader in MAC header. Table 1 provides the summary of usage of the information included in RAR.
Table 1

	Information always included in RAR (either in subheader or payload)
	UE Operation
	Is this field always needed?

	RAPID
	If the RAPID corresponds to the transmitted Random Access Preamble, RAR reception is successful
	Yes

	Timing Advance
	Process the received Timing Advance Command
	Yes

	UL Grant
	If the SCell is configured with ul-Configuration-r14, ignore the received UL grant otherwise process the received UL grant
	No

	Temporary C-RNTI
	In case of contention based random access, UE sets the Temporary C-RNTI to the value received in the Random Access Response message
In case of contention free random access, usage of this field is not specified.
	No


Based on the above we can observe that, UE always processes the received RAPID and Timing Advance information in RAR. UL grant and C-RNTI information is not processed (or ignored) by UE in certain scenarios. RAPID, timing advance, UL grant and C-RNTI are always included in RAR inorder to have a single fixed length format. 
Observation 1: UE always processes the received RAPID and Timing Advance information in RAR.

Observation 2: UL grant and C-RNTI information is not processed (or ignored) by UE in certain scenarios.

Observation 3:  RAPID, timing advance, UL grant and C-RNTI are always included in RAR inorder to have a single fixed length format.
2.2 RAR Contents in NR

In NR, we have agreed to support both 4 step contention based random access (CBRA) procedure and 2 step contention free random access (CFRA) procedure. In case of 4 step CBRA procedure, RAPID is needed to identify whether RAR corresponds to UE’s RACH preamble transmission or not; timing advance is needed for UL synchronisation; UL grant is needed for transmitting MSG 3; C-RNTI (or its equivalent) is needed to identify the NR-PDCCH for MSG 4. One can argue that C-RNTI is not needed if CBRA procedure is performed by UE in RRC_CONNECTED. If the CBRA procedure is performed by a RRC_CONNECTED UE, even though the UE already has the C-RNTI, C-RNTI is still included in RAR as network can not identify the UE’s state based on MSG 1.
During the 2 step contention free random access procedure, RAPID is needed to identify whether RAR corresponds to UE’s RACH preamble transmission or not; timing advance is needed for UL synchronisation; and UL grant is needed for transmitting the data or signaling message in UL. Similar to LTE, UL grant and/or C-RNTI may not be needed in all scenarios. 
There can be some overhead reduction (depending on minmimum TBS size defined by RAN1) by excluding UL grant and/or C-RNTI in RAR in certain scenarios [2][3]. However, the size of RAR is very small (only 7 bytes in LTE) and saving few bytes in some scenarios by defining several RAR formats excluding UL grant and/or C-RNTI, will not lead to much gain (in terms of system capacity). It may only lead to more specification work and increased UE’s complexity. Inorder to have a single format for MAC RAR, we propose to always include RAPID, timing advance, UL grant and C-RNTI in RAR.
Observation 4: Defining several RAR formats inorder to exclude UL grant and/or C-RNTI in certain scenarios, will not lead to much gain (in terms of system capacity).
Proposal:  RAPID, timing advance, UL grant and C-RNTI (or its equivalent)  is always included in RAR.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal: RAPID, timing advance, UL grant and C-RNTI (or its equivalent)  is always included in RAR.
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RAN2 #98 Agreements [1]:


After transmitting the RACH preamble, UE monitors for RAR in RAR window


RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.


The size of RAR window is configurable 


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


As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.


When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 


When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.


When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.


When performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.











