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Introduction
In last RAN1 #88 meeting, the following agreements have been achieved on 4-step random access (RA) procedure [1].Agreements:
· Following is baseline UE behavior
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises
Agreements:
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices
· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices

In this contribution, we would like to discuss our view and preference on the issue of single random access response (RAR) to a specific UE.
Enabling beam specific Msg. 2 transmission
Based on observations, we consider that an association between RA channel (RACH) resources and RA response (RAR) resources would be helpful for single RAR reception at a particular UE. The observations, mechanism of association and single RAR reception are described as following. Note that the example used in this contribution has the association between downlink signal/channel and a subset of RACH resources as agreed in RAN1 #88 meeting.
Association between RACH resources and RAR resources
Figure 1 shows an example of association between RACH resources and beam-specific RAR resources. This one-to-one mapping can be used for feedback of optimal uplink (UL) receiver (Rx) beam index information at gNB to UEs. The RAR transmitted in each RAR resource is dedicated for its corresponding RA preamble resource, or in another word, the RAR is beam specific.
We can explain this mechanism using an example shown in Figure 2. Assume that transmitter (Tx) beam directions and Rx beam directions are same or not severely mismatched at gNB. There are 3 UEs located in different coverage of beams in Figure 2. Without gNB beam correspondence, 3 UEs may need to use different RA preamble resources for sending their message (Msg.) 1 based on the agreements on association between gNB configured DL signal/channel and a subset of RACH resources. Assume that the RA preamble format length is 3, then the occupied RACH resources by these 3 UEs are given as in Figure 3. In this example, the best DL Tx beams for 3 UEs are beam (i-1), beam i, and beam (i+1) respectively. However, the best UL Rx beams for these UEs can be different from their best DL Tx beams, and this is the reason why Rx beam sweeping at gNB is necessary for Rx beam calibration.

Figure 1. An example of association between RACH resources and RAR resources.

Proposal 1: At least for the case of without gNB Tx/Rx beam correspondence, gNB can configure an association between RACH resources and RAR resources for enabling beam specific RAR.
Beam specific RAR transmission
When gNB receives 3 RA preamble formats from these 3 UEs, gNB detects Msg. 1 from UE 1 on the RA preamble resources of (i-1) and i, since that UE 1 is located at the overlapped area of beam (i-1) and beam i. At the same time, gNB detects UE 2’s request on the RA preamble resources of (i-1), i, and (i+1) since UE 2 is located at the overlapped area of those 3 beams, and meanwhile gNB detects UE 3’s request on RA preamble resources of (i+1) and (i+2). In order to guarantee that gNB will only send back single RAR to each UE, gNB need to perform RAR selection, where gNB will choose the beam index based on the criteria of maximal received power of preambles. In the previous example, assume that gNB chooses the (i-1)-th beam as the best beam for UE 1, i-th beam as the best beam for UE 2 and UE 3. gNB can send back the RAR using the corresponding RAR resource based on the association between RACH resources and RAR resources. In this case, gNB sends RAR of UE 1 using the (i-1)-th RAR resource, and sends the combined RARs of UE 2 and UE 3 using the i-th RAR resource. Note that the combined RAR transmission method for multiple UEs in same resource can be same as that of LTE.

Figure 2. An example of multi-beam pattern at gNB for NR


Figure 3. An example of RA preamble format occupying fixed length RACH resources by multiple UEs

At UE side, since different UE sent its Msg. 1 using different RA preamble resources, a UE will need to monitor a RAR window, which covers the duration of multiple RAR resources corresponding to the RA preamble resources it used. For example, UE 1 needs to monitor a RAR window covering RAR resources of (i-1), i and (i+1). In this example, UE 1 will receive a RAR in (i-1)-th RAR resource and a combined RAR in i-th RAR resource. If all the 3 UEs sent their Msg. 1 using different preamble sequences, UE 1 can directly recognize that the single RAR in the (i-1)-th RAR resource is the correct RAR. That is, even though UE 1 received multiple RARs, it can select 1 correct RAR from the multiple received RARs. Similarly when UE 2 received a RAR in (i-1)-th RAR resource and a combined RAR in i-th RAR resource, UE 2 can recognize its correct RAR is in the i-th resource. So as for UE 3’s case. Also, based on the association, all the UEs can know their best Rx beam indexes at gNB. That is, the (i-1)-th beam for UE 1, and the i-th beam for UE 2 and UE 3.
[bookmark: _GoBack]An extreme case is that all the UEs sent their Msg. 1 using the same version of preamble sequence. In this case, RAR selection at UE should be based on other criterion. For example, UE can select 1 RAR out of multiple RARs based on the criteria of maximal RAR received power. This is possible since that the RAR sent in the correct beam may probably arrive at the correct UE with maximum received power. RAR in the (i-1)-th RAR resource probably has higher power than that in the i-th RAR resource when they arrived at UE 1. In case of UE 2 and UE 3, they may receive the combined RAR in the i-th RAR resource with comparable received power level, and collision between these 2 UEs may be not avoidable. However, we would like to clarify that this scenario is a rarely happened scenario.
2-stage RAR selection
The RAR selection in previous examples can be summarized as a 2-stage selection method.
Stage 1: Beam specific RAR selection by gNB. In this stage, gNB may receive multiple preambles from 1 UE, gNB will select 1 UL Rx beam index based on the received preamble with the maximal received power. Only 1 RAR will be sent in the RAR resource by gNB corresponding to the selected UL Rx beam index.
Stage 2: Beam specific RAR selection by UE. In this stage, UE may receive multiple RARs during its monitored RAR window. If multiple RARs are corresponding to different preamble sequences, UE can directly identify its correct RAR; if multiple RARs are corresponding to the same preamble sequences, UE needs to select single RAR out of multiple RARs based on the criteria of maximal received power. Other criteria for UE RAR selection is not precluded.
Proposal 2: With association between RACH resources and RAR resources, 2-stage RAR selection might be helpful at gNB and UEs for enabling single RAR for each UE.
Conclusion
Several benefits are observed by enabling beam specific RAR.
Observation 1: Fixing RAR window length
Observation 2: Simplifying message detection in RA procedure
Observation 3: Avoiding multiple RARs to single UE by 2-stage RAR selection
Observation 4: UE can recognize and double check whether there is beam correspondence or not at gNB.
Correspondingly, we have the proposal as follows.
Proposal 1: At least for the case of without gNB Tx/Rx beam correspondence, gNB can configure an association between RACH resources and RAR resources for enabling beam specific RAR.
Proposal 2: With association between RACH resources and RAR resources, 2-stage RAR selection might be helpful at gNB and UEs for enabling single RAR for each UE.
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