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1 Introduction

RAN2 has received LS [1] on beamforming aspects of NR RACH from RAN1. According to the LS, RAN1 has made the following agreements related to RACH resource configuration.
·  The random access configuration is included in the remaining minimum SI. In NR, the RACH configuration provides at least the RACH time/freq. information and the RACH preamble format. 

·  GNB can configure an association between one or multiple occasion for SS Block and a subset of RACH resources and/or a subset of preamble indices. 

· Tx Beam for Msg 1 and Msg 3 transmissions is selected by the UE and downlink Tx beam for Msg 2 can be obtained by the detected preamble and the RACH resource.
In RAN2 (see appendix for details) it was agreed that for Msg1 based SI request, granularity of SI request is SI message. PRACH preambles/PRACH resources are reserved to indicate request for one or more SI messages.
In this contribution we discuss whether Msg1 transmitted for requesting SI message(s) in Msg1 based SI request method indicates the DL Tx beam information in addition to requested SI message or not.
2 Discussion
2.1 Msg1 based SI request procedure
· In case of Msg1 based SI request, UE selects PRACH preamble and/or PRACH resource corresponding to SI message it needs. UE then transmits PRACH preamble using selected PRACH preamble and/or PRACH resource. 
· On receiving the SI request network sends an acknowledgement in Msg2 to the UE’s SI request sent in Msg1. RAPID is included in Msg2. 
· For Msg2 reception UE uses RA-RNTI that corresponds to the Msg1 transmitted by the UE. RACH procedure for SI requests is considered successful when Msg2 containing a RAPID corresponding to the transmitted preamble is received. 
· UE then monitors the SI window of the requested SI message in one or more SI periods of the requested SI message.

2.2 Beamformed SI Request Ack Transmission
In a system using beamforming, Msg2 acknowledging the UE’s SI request sent in Msg1 is transmitted using beamforming. If the network cannot identify the downlink TX beam for Msg2 based on received Msg1 then it needs to transmit the Msg2 using all downlink TX beams. This leads to significant signaling overhead in a system with large number of beams. In order to minimise the overhead of Msg 2, network should be able to identify the downlink TX beam information from the detected preamble and RACH resource in addition to identifying the SI message which is requested by UE.
Observation 1: Signaling overhead of Msg2 can be reduced significantly, if downlink TX beam information can be identified from the detected preamble and RACH resource in addition to identifying the requested SI message.
2.3 Beamformed SI Message Transmission
In a system using beamforming, the requested SI message is also transmitted using beamforming in SI window. If the network is able to identify the downlink TX beam based on received Msg1 it can transmit SI message using that beam. In case multiple Msg1s requesting the same SI message is received during a SI period, then network can transmit SI message using the downlink TX beam(s) corresponding to each of the received Msg1. This can reduce the signaling overhead of transmitting SI message as SI message need not be transmitted always using all the downlink TX beams. However one can argue that depending on the time interval between reception of Msg1 indicating SI request and transmission of SI message in SI window, the downlink TX beam identified based on Msg1 may or may not be valid at the time of SI message transmission. Note that this time interval can be up to one SI period. So network may have to transmit using all downlink TX beams or multiple downlink TX beams around the downlink TX beam identified based on Msg1, in case of long time interval between reception of Msg1 and SI message transmission in SI window.
Observation 2: Signaling overhead of SI message transmission can be reduced in some scenarios, if downlink TX beam information can be identified from the detected preamble and RACH resource in addition to identifying the requested SI message.
2.4 DL TX beam & SI request Indication

We further discuss how both down link TX beam and requested SI message can be indicated using Msg1. According to RAN1 agreement, gNB can configure an association SS Block(s) and a subset of RACH resources and/or a subset of preamble indices. Based on this association gNB can identify downlink TX beam(s) for Msg2.
Case 1: gNB configures association between a SS block and a subset of preambles. RACH resources are common for all SS blocks.

In order to indicate requested SI message in addition to downlink TX beam, preamble for SI message or set of SI messages can be reserved from each subset of preambles associated with SS block(s). However due to limitation of preambles in each subset, this does not seem to be feasible. So association between one or more SI messages and a subset of RACH resources can be configured in this case. For Msg1 based SI request, UE selects PRACH preamble from a subset of preambles corresponding to SS block; UE selects PRACH resource corresponding to SI message(s) which it needs to request.
Observation 3: If association between SS block and a subset of preambles is configured to indicate downlink TX beam then for Msg1 based SI request, association between one or more SI messages and a subset of RACH resources can be configured.

Case 2: gNB configures association between a SS block and a subset of RACH resources. Preambles are common for all SS blocks.

In order to indicate requested SI message in addition to downlink TX beam, preamble can be reserved for each SI message or set of SI messages. It is also possible to reserve PRACH resource for SI message or set of SI messages for each subset of PRACH resources associated with SS block(s) depending on availability of PRACH resources in each set.
Observation 4: If association between SS block and a subset of PRACH resources is configured to indicate downlink TX beam then for Msg1 based SI request, either association between one or more SI messages and a preamble or association between one or more SI messages and RACH resource for each subset of RACH resources associated with SS blocks can be configured.

Case 3: gNB configures association between SS block(s) and a subset of RACH resources and a subset of preamble indices. 
For example, let’s say there are 8 SS blocks. Four sets of RACH resources can be configured where each set is mapped to 2 SS blocks. Two sets of preamble indices can be configured. Each set of preamble indices is mapped to one of 2 SS block mapped to same PRACH resource set. In order to indicate requested SI message in addition to downlink TX beam, preamble for SI message or set of SI messages can be reserved for each subset of preambles associated with SS block(s). Alternatley, PRACH resource for SI message or set of SI messages from each subset of PRACH resources associated with SS block(s) can be configured depending on availability of PRACH resources in each set.
Observation 5: If association between SS blocks and a subset of PRACH resources and a subset of preambles is configured to indicate downlink TX beam then for Msg1 based SI request, either association between one or more SI messages and a subset of Preambles associated with SS block(s) or association between one or more SI messages and RACH resource from each subset of RACH resources associated with SS blocks can be configured.
Based on the above discussion we propose that,

Proposal: RRC signaling should support partitioning of PRACH preambles and/or PRACH resources such that network can identify downlink TX beam from the received Msg1 in addition to identifying the requested SI message.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Observation 1: Signaling overhead of Msg2 can be reduced significantly, if downlink TX beam information can be identified from the detected preamble and RACH resource in addition to identifying the requested SI message.
Observation 2: Signaling overhead of SI message transmission can be reduced in some scenarios, if downlink TX beam information can be identified from the detected preamble and RACH resource in addition to identifying the requested SI message.
Observation 3: If association between SS block and a subset of preambles is configured to indicate downlink TX beam then for Msg1 based SI request, association between one or more SI messages and a subset of RACH resources can be configured.

Observation 4: If association between SS block and a subset of PRACH resources is configured to indicate downlink TX beam then for Msg1 based SI request, either association between one or more SI messages and a preamble or association between one or more SI messages and RACH resource for each subset of RACH resources associated with SS blocks can be configured.

Observation 5: If association between SS blocks and a subset of PRACH resources and a subset of preambles is configured to indicate downlink TX beam then for Msg1 based SI request, either association between one or more SI messages and a subset of Preambles associated with SS block(s) or association between one or more SI messages and RACH resource from each subset of RACH resources associated with SS blocks can be configured.
Proposal: RRC signaling should support partitioning of PRACH preambles and/or PRACH resources such that network can identify downlink TX beam from the received Msg1 in addition to identifying the requested SI message.
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5 Appendix
RAN2 #97bis Agreements [2]
1. For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.

2. If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 

3. If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.

RAN2 #98 Agreements [3]
1. For MSG1 based SI request, the minimum granularity of requested SI is one SI message (a set of SIBs as in LTE).

2. For MSG1 based SI request, one RACH preamble can be used to request for multiple SI messages.
3. On demand SI request will maximize commonality with the RACH procedure
4. Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1
