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1 Introduction

During the NR study item RAN2 has discussed the random access procedure. It was agreed [1] that both the contention based and contention free random access procedure having steps as in LTE is supported in NR. In this contribution we discuss various aspects of random access response (RAR) transmission/reception.

2 Discussion
2.1 RAR Window
In LTE after transmitting the RACH preamble, UE monitors for RAR in RAR window. The size (in number of subframes) of RAR window is configurable via RRC signaling. The RAR window starts after fixed number of subframes from the end of subframe in which RACH preamble is transmitted. If the RACH preamble transmission ends in subframe ‘X’, the RAR window starts from the subframe ‘X+4’ [2]. The minimum delay for receiving RAR is 3 subframes and max delay is ‘3+RAR window size’. 
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Figure 1 RAR Window in LTE
In [3] it was proposed to have the start of RAR window configurable depending on network implementation/capabilities and to reduce the random access latency. We believe that this is still possible by fixing the start of RAR window to a small value e.g. 1 TTI from the end of RACH transmission occasion and having a configurable RAR window size. Various processing delays at network side for processing RACH preamble and RAR preparation can be handled by configuring different RAR window sizes. Starting the RAR window at a fixed small value can reduce the minimum delay for receiving RAR. So in NR, we propose to follow the same approach as in LTE.
Observation 1: Network implementation/capabilities and reduction in random access latency can be handled by fixing the start of RAR window to a small value (e.g. 1 TTI) from the end of RACH transmission occasion and having a configurable RAR window size.

Proposal 1: After transmitting the RACH preamble, UE monitors for RAR in RAR window. 

Proposal 2: RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS.
Proposal 3: The size of RAR window is configurable via RRC signaling.
2.2 RAR Identification
In LTE, RAR is transmitted using PDCCH and PDSCH. The PDCCH corresponding to RAR is addressed to RA-RNTI. RA-RNTI is derived using the time index and frequency index of the RACH resource in which RACH preamble is transmitted. Random Access Preamble Identifier (RAPID) is included in RAR MAC PDU. UE monitors (in RAR Window) for the PDCCH addressed to RA-RNTI corresponding to the RACH resource in which UE has transmitted the RACH preamble. RAR reception is successful if received RAR corresponds to UE’s RACH preamble transmission (i.e. RACH resource and RAPID). To be specific RAR reception is successful, if UE receives the PDCCH addressed to RA-RNTI corresponding to RACH resource in which UE has transmitted the RACH preamble and RAPID of RACH preamble transmitted by UE is received in RAR MAC PDU.
As in LTE, we can agree that in NR, RAR reception is successful if received RAR corresponds to both RACH preamble transmitted by UE and to RACH resource in which UE has transmitted the RACH preamble. Indication of RACH preamble and RACH resource in RAR depends on how RAR is transmitted. If RAR is transmitted using NR-PDCCH and NR-PDSCH as in LTE, information about RACH resource can be indicated using RA-RNTI and RAPID can be included in RAR. Derivation of RA-RNTI depends on unit of RACH transmission occasion and whether RACH resources are frequency division multiplexed or not. 
RAN1 has not yet discussed/decided RAR transmission mechanism, unit of RACH transmission occasion, and whether RACH resources are frequency division multiplexed or not in RACH transmission occasion. RAN2 should discuss indication of RACH preamble and RACH resource, derivation of RA-RNTI, etc after RAN1 has decided the unit of RACH transmission occasion and whether RACH resources are frequency division multiplexed or not.
Observation 2: RAN1 has not discussed/decided RAR transmission mechanism, unit of RACH transmission occasion, and whether RACH resources are frequency division multiplexed or not in RACH transmission occasion. 

Proposal 4: 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.
2.3 CA/DC Aspects

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 via PDCCH order. 
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. 

Since CA and DC are supported in NR, we propose to follow the above principles in NR as well.

Proposal 5:  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.
Proposal 6:  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. 

Proposal 7: 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.

Proposal 8: 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. 

Proposal 9: 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. 

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: After transmitting the RACH preamble, UE monitors for RAR in RAR window. 

Proposal 2: RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS.

Proposal 3: The size of RAR window is configurable via RRC signaling.

Proposal 4: 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.
Proposal 5:  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.
Proposal 6:  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. 

Proposal 7: 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.

Proposal 8: 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. 

Proposal 9: 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. 
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