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1. Introduction

In RAN1#87 meeting, the following agreements on RACH procedure and RACH resource for multi-beams case are achieved [1]:
	· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.


Based on the agreements, the configuration of RACH resources is discussed in [2]. In this contribution, we will discuss the random access response (RAR) in NR for the multi-beams case.
2. Discussion
2.1. RAR in LTE system
In LTE, after sending the preamble, the UE shall monitor the PDCCH for a RAR identified by the RA-RNTI defined below, in the RAR window which starts at the subframe that contains the end of the preamble transmission plus 3 subframes. The length of the RAR window is a cell-specific parameter and configured by the eNB in SIB2. The RA-RNTI associated with the PRACH in which the preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) in one frame, and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The UE may stop monitoring for RAR after successful reception of a RAR containing a preamble index that matches the transmitted preamble. 
One example is given in Fig.1. Assuming UE1, UE2 and UE3 send different selected preambles respectively on the same PRACH resources, the three UEs would monitor the PDCCH identified by the same RA-RNTI within the RAR window. Accordingly, the eNB can feed back the RARs for these three UEs by one transmission.
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Fig.1. RAR in LTE
2.2. RAR delivery on the indicated DL Tx beam
According to the agreements in RAN1#87 meeting, at gNB, the DL Tx beam for msg2 (RAR) can be obtained based on the detected RACH preamble/resource and the corresponding association, regardless of whether Tx/Rx reciprocity is available or not at gNB, at least for multiple beam operation. That is, the UE should indicate the DL Tx beam at gNB for msg2 by RACH preamble/resource and the corresponding association, especially for the NO Tx/Rx reciprocity case. 
Additionally, as discussed in [2], in order to achieve lower overhead, the multiple DL Tx beams associated with RACH resources on the same Rx beam could share one RACH resource, or multiple RACH resources. Based on such an assumption, there are three options for msg2 (RAR) delivery.
· Option #1 (Fig. 2):

· The timing of the RAR window is associated with the DL Tx beam. And the RAR windows associated with different DL Tx beams are separate from each other. 
· The RA-RNTI depends on PRACH location.

By option #1, each UE only needs to monitor and receive the RARs transmitted on its indicated DL Tx beam within the corresponding RAR window. However, because of the association between the Tx beam and the timing of RAR window, such an operation would limit the scheduling flexibility of the gNB feeding back RAR.
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Fig. 2. Example of Option #1
· Option #2 (Fig.3):

· The timing of RAR window is not associated with the DL Tx beam.

· The RA-RNTI depends on PRACH location.

Compared with option#1, such operation could support higher scheduling flexibility at gNB. The drawback is that UE’s may unnecessarily decode the RAR message transmitted on the Tx beams other than its indicated DL Tx beam. For example, as shown in Fig.3, because the RA-RNTI only depends on PRACH location, the RA-RNTI is the same for UE1, UE2 and UE3. Then UE2 and UE3 may decode the RAR message transmitted for UE1, while the decoding is totally worthless.
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Fig. 3. Example of Option #2
· Option #3 (Fig.4):

· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam.
The scheduling flexibility is the same as in option #2, which is higher than that of option #1. In addition, introducing the DL Tx beam information into the calculation of RA-RNTI can avoid the UE decoding the RAR messages that are transmitted on the DL Tx beams other than its indicated beam.
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Fig. 4. Example of Option #3
Based on the comparison above, Option #3 is a better choice for RAR feedback.

Proposal #1: Consider Option #3 as a candidate for RAR feedback in NR:

· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam.
2.3. Multiple RAR window configuration
Only one cell-specific RAR window size is configured by the eNB in LTE. Such configuration may be difficult to satisfy the requirement of the different UEs in the same gNB coverage, with respect to access latency. For example, as shown in Fig.5, the UEs with Tx/Rx reciprocity could determine the exact UL Tx beam to transmit preamble(s) for successful reception at the gNB, while the UE with NO Tx/Rx reciprocity could not, thus it may need to use different UL Tx beams for different RACH transmission occasions. 
Therefore, in order to achieve similar access latency for different types of UEs, the gNB should be able to configure multiple RAR window sizes. Then the UEs could select a RAR window size. Each RAR window configuration could be associated with a dedicated PRACH or preamble set, thus the BS can determine which RAR window size has been selected based on the PRACH or preamble.
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(a) UEs with Tx/Rx reciprocity
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(b) UEs with NO Tx/Rx reciprocity
Fig.5. Examples of meg1 re-transmission for UEs 
Proposal #2: In order to achieve similar access latency for different types of UEs, the gNB should be able to configure multiple RAR window sizes.
Proposal #3: Each RAR window size could be associated with a set of preamble/RACH resources.
3. Conclusions

In this document, some considerations on RAR in NR for multi-beams case are presented. Based on the discussion, we have following proposals:
Proposal #1: Consider Option #3 as a candidate for RAR feedback in NR:
· The timing of RAR window is not associated with the DL Tx beam. 

· The RA-RNTI depends on PRACH location and the UE’s indicated DL Tx beam
Proposal #2: In order to achieve similar access latency for different types of UEs, the gNB should be able to configure multiple RAR window sizes.

Proposal #3: Each RAR window size could be associated with a set of preamble/RACH resources.
References
[1] “Draft_Minutes_report_RAN1#87_v011”, RAN1#87, Nov. 2016.
[2] R1-1700653, “Discussion on PRACH configuration in NR,” Fujitsu,3GPP TSG RAN WG1 NR Ad-Hoc Meeting,  Spokane, USA, January 2017.

PAGE  
5

_1539684299.vsd
�

�

选择椭圆并
键入文字。拖动控制手柄可更改椭圆的宽度和高度。�

RAR window associated with TX beam_1


PRACH



_1543854073.vsd

_1544263152.vsd
t


PRACH



_1539684323.vsd
�

�

选择椭圆并
键入文字。拖动控制手柄可更改椭圆的宽度和高度。�

PRACH



_1539684193.vsd
�

�

选择椭圆并
键入文字。拖动控制手柄可更改椭圆的宽度和高度。�

PRACH



