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1 Introduction
For NR RACH procedures, it was agreed in the RAN1#87 meeting in [1] that, 
· 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.

· 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.

· 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
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB

· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded

· RAN1 studies further on

· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal

· FFS: whether other parameters of each RACH resource subset can be different

· FFS: How the different RACH resource subset size information is conveyed to UE

· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario

· Other mechanisms to load balance RACH resource subset is not precluded

In this contribution, taking into account the multi-beam based properties adopted in NR, we discuss NR 4-step RACH procedures and resource configuration taking single/multi-beam properties into account, as well as the procedure of RACH reception/RAR transmission and SS transmission among different TRPs/beams.
2 Discussion on Random Access Procedures for NR 
For single-beam based approach, the traditional 4-step RACH procedures could be reused to acquire the UE ID, the timing advance command and contention resolution.  
For multi-beam operations, the gNB transmits the NR-PSS/SSS, NR-PBCH and/or SIB over the SS-blocks in a beam sweeping manner. The UE acquires the preferred DL Tx beam at gNB and UE Rx beam information by detecting the SS-blocks.  
2.1 RACH preamble transmission and acquisition of DL Tx beam of Msg2
For the 1st step of RACH procedure, it was agreed in RAN1#87 that UE uses the same UE Tx beam for preamble transmission during a RACH transmission occasion, where the UE Tx beam is selected by the UE.  This agreement includes the following two options:
· Option 1: Before RAR reception (window), there are multiple RACH occasions and UE uses different Tx beams for different RACH transmission occasions. 
· Option 2: Before RAR reception (window), there is a single RACH occasion and UE uses a single Tx beam.
2.1.1 Tx/Rx reciprocity is available at UE

If the Tx/Rx reciprocity is available at UE, it is unnecessary to perform UE Tx beam sweeping for preamble transmission.  The UE selects a single UE Tx beam based on the UE Rx beam of detecting SS-block at a single RACH occasion (RO), i.e., Option 2.  

· If the Tx/Rx reciprocity is available at gNB, i.e., the DL Tx beam of SS-block corresponds to the UL Rx beam of preamble, the UE can send single preamble at a single RO. 
The RO is associated with the detected SS-block and the specific gNB Rx beam, as shown as Scheme 1 in Figure 1.  The single preamble is detected by gNB at the RO with a specific UL Rx beam correponding to the detected SS-block.
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Figure 1 Scheme1- Single preamble with association between SS-block and RACH occasion (RO)
· If the Tx/Rx reciprocity is not available at gNB, i.e., the DL Tx beam of SS-block doesn’t correspond to the UL Rx beam of preamble, the UE can send multiple/repeated preambles  at a single RO to enable the gNB to perform UL Rx beam sweeping.
As shown in Figure 2, the UE sends multiple/repeated preambles at a single RO.  The RO is just associated with the detected SS-block.  The gNB detects the UE preambles with Rx beam sweeping.  
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Figure 2 Scheme 2 - Multiple/repeated preambles with association between SS-block and RACH occasion (RO)
For both schemes in Figure 1 and Figure 2, the gNB can obtain the DL Tx beam for Msg2 based on the RO at which the RACH preamble(s) are detected, since the RO corresponds to the detected SS-block.

For the scheme in Figure 3, the RO is not associated with a specific SS-block.  The gNB cannot obtain the DL Tx beam for Msg2 from the RO without the priori information of the association between SS-block and RO.  In this case, the preambles could be divided into several groups, where each group of preambles could be associated with a SS-block.  Based on the group of preambles detected at gNB, the gNB can obtain the DL Tx beam for Msg2 which is associated with the detected SS-block.
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Figure 3
Scheme 3 - Multiple/Repeated preambles without association between SS-block and RACH occasion (RO)
In the scenario that the Tx/Rx reciprocity is available at UE, both Scheme 2 and Scheme 3 are applicable regardless of whether Tx/Rx reciprocity is available or not at gNB.   However, Scheme 1 with only single preamble for each RO is not preferred for the scenario that the Tx/Rx reciprocity is not available at gNB, since the UE has to transmit its preamble with the same UE Tx beam several times at different ROs to enable the Rx beam sweeping at gNB.  It is necessary to configure a lot of ROs for the UE, which leads to power consumption at the UE.
To pursue an unified scheme regardless of whether Tx/Rx reciprocity is available or not at gNB, we support a single RO is seleted by the UE in case that Tx/Rx reciproxity is available at UE, regardless of whether the RO is associated with a specific SS-block or not. At gNB, the DL Tx beam for Msg2 is obtained by the detected RO with association or the group of preambles without association.
2.1.2 Tx/Rx reciprocity is not available at UE

If the Tx/Rx reciprocity is not available at UE, the UE has to use different Tx beams for different RACH transmission occasions in a beam sweeping manner, i.e., Option 1.  
· If the Tx/Rx reciprocity is available at gNB, the RO is associated with the detected SS-block and the specific gNB Rx beam, as shown as in Figure 4, Scheme 4. The UE can send single preamble at a single RO. The single preamble is detected by gNB at the RO with a specific UL Rx beam corresponding to the detected SS-block.
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Figure 4
Scheme 4 – Single preamble and multiple ROs with association between SS-block and RO

· If the Tx/Rx reciprocity is not available at gNB, there is no association between SS-blocks and ROs, but there is an association between UE Tx beam and RO at UE, as shown in Figure 5, Scheme 5.  The UE can send multiple/repeated preambles  at a single RO to enable the gNB to perform UL Rx beam sweeping.  Therefore, at gNB the DL Tx beam for Msg2 is obtained only by the group of preambles selected by the UE.  This scheme is applicable regardless of whether Tx/Rx reciprocity is available or not at gNB.
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Figure 5
Scheme 5 – Multiple/Repeated preambles without association between SS-block and RO
Table-1 summarized the applicable RACH schemes in different cases.  The RACH preambles and resource configuration are highly dependent on the availability of Tx/Rx reciprocity at gNB and/or UE.
Table- 1
RACH resource configuration upon the availability of Tx/Rx reciprocity
	
	Available at UE
	Not available at UE

	Available at gNB
	Scheme 1: 

Single preamble at 
Single RACH occasion
	Scheme 4: 

Single preamble at
Multiple RACH occasions

	Not available at gNB
	Scheme 2/3:

Multiple/repeated preambles at
Single RACH occasion
	Scheme 5:

Multiple/repeated preambles at
Multiple RACH occasions


It can be found that Scheme 5 can be applied to any case, but Scheme 1 has the minimum resource overhead.  If the neighbouring TRPs serving one UE have different availability of Tx/Rx reciprocity, the selection of RACH configuration schemes needs to be compatible for different TRPs.  
NR RACH preamble and resource configuration should consider the availability of Tx/Rx reciprocity at gNB and/or UE as well as the tradeoff between resource overhead and compatibility.  However, the gNB doesn’t know whether the reciprocity is available or not at a specific UE.  
· If a large number of ROs are configured before RAR reception (window) to accommodate the UE beam sweeping fully, the UEs with Tx/Rx reciprocity have to transmit their preambles several times, which is redundant.
· If only a single RO is configured before RAR reception (window), the UEs without Tx/Rx reciprocity have to go through preamble transmission and retransmission with different Tx beams and receive RAR several times, which incurs high resource overhead and long access delay.  In addition, the TRP that transmits the SS-block detected by the UE may be different from the TRP that receives the preamble sent by the UE due to the DL/UL power imbalance as detailed in Section 2.3.  In this case, even the UE with Tx/Rx reciprocity should transmit different Tx beams on multiple ROs to enable the neighboring TRPs detecting its preamble.
Therefore, a limited number of RACH occasions (i.e., N) before RAR reception (window) should be configured by the network and UE uses a Tx beam for each RACH occasion. For instance, Option 2 is applied when N is set to 1; otherwise, Option 1 is applied. We propose that,

Proposal 1: For multi-beam operation, a limited number of RACH occasions before RAR reception (window) should be configured by the network and UE uses different Tx beams for different RACH transmission occasions.

· At gNB the DL Tx beam for Msg2 is obtained from the detected RACH occasion or the group of preambles.
2.2 RACH resource acquisition for preamble transmission
In LTE, a set of the RACH preambles and RACH resource(s) are broadcasted to all the UEs in one cell through the system information. Due to the introduction of multi-beam operation in NR, the gNB sweeps multiple Rx beams to detect multiple/repeated preambles as discussed in Section 2.1. It is inefficient and costly if the UE attempts all the RACH occasions and resources assigned to the NR cell. Thus, an efficient RACH occasion/resource determination method for multi-beam operation should be specified in NR considering the following factors:
· Low UE’s power consumption
· Low latency for random access
As discussed in Section 2.1, there may or may not be an association between RACH transmission occasions and SS-blocks.  
There are two alternatives to indicate the RACH transmission occasions for different association relationship as follows:
Alt 1: The RACH transmission occasion(s) can be predefined or implicitly indicated to UE based on the association between RACH transmission occasion(s) and SS-blocks.  In this alternative, it is unnecessary to introduce additional signaling to indicate the association.  Alt 1 can be applied for the case of no association, where a common RACH occasion pool is specified.
Alt 2: The RACH transmission occasion(s) can be informed to UE by broadcast system information.  Alt 2 can be applied for the case of association between RACH occasion and SS-block.
For example, the RACH occasion(s) or association can be informed through NR-PBCH and/or essential SIB.  SIB #x within a SS-block can inform a table which contains all RACH occasion(s) or the associations between all the N SS-blocks and M RACH occasions (i.e., M>=1).  The UE then acquires the target RACH resources through looking up the table after detecting the SS-block.   The content of the look-up table is FFS.  When the serving beam changes for the UE, it does not need to detect the SIB again to obtain the new RACH occasion(s).  It only needs to detect the SS-blocks to acquire the SS-block index with which it can looks up the table.  At the same time, the same SIB #x for RACH indication allows for the soft combination of the SIB #x to improve the detection performance. Furthermore, Alt 2 provides more flexibility for the RACH occasion(s), especially considering some deployment scenarios, e.g. different uplink-downlink configuration for TDD.
The case whether the UE needs to tell multiple SS-blocks for multiple RACH transmission occasions can be further studied. 
Proposal 2: For multi-beam operation, the RACH resource acquisition for preamble transmission should be considered separately for different association between SS-block and RACH occasion.
· Without association, predefined or implicitly indication is preferred.

· With association, a  look-up table for preambles and RO configuration is supported

2.3 UL Tx Beam and Resource Configuration for Message 3 
Due to the possible DL and UL power imbalance, the TRP from which the UE receives the strongest sychronization signal may not receive the preamble from this UE. Therefore in this case, regardless of whether the Tx/Rx reciprocity is available or not at the UE, it’s better for the UE to send preambles in multiple RACH occassions with different UE Tx beams. In multiple TRPs scenario, the UE’s preamble with different UE Tx beams may be received by multiple TRPs.  The network can tell the preamble is received by which TRP on which RACH occasion for the UE.  This TRP and RACH occasion can be used to receive Msg3.  Therefore, RAR can indicate the best received RACH occasion to assist UE to determine the UL Tx beam for Msg3. Therefore UE can use different Tx beam to send Msg3 from which the preamble is sent.
Proposal 3: It should be supported that Msg2 carries RACH occasion information on which the gNB receives the preamble of the UE. 
· UE selects the UL Tx beam for Msg3 based on the indicated RACH occasion information

2.4 RACH reception/RAR transmission and synchronization signal transmission  from different TRPs / beams
After a UE obtains synchronization and decodes necessary system information, the next step is to transmit beam-formed RACH. One method for transmitting the beam-formed RACH (as explained above in section 2.2) is that the UE transmits its beam-formed RACH in the direction associated with the strongest received synchronization beams at the PRACH resource(s) associated for the chosen beam-formed direction. Other methods are of course possible.

Once the beam-formed RACH has been received by at least one of the TRPs, the network may decide to transmit a RAR response in a different beam direction and /or from a different TRP, to the one in which the UE has established downlink synchronization. 
Such a situation may be useful, if the network has knowledge that other beams or TRPs would better serve the UE, or if the network decides to set-up multi-point connectivity from a set of beams and/or TRPs. 
Proposal 4: Scenarios and respective procedures for transmitting RARs from TRPs which are different to the TRP with which the UE has obtained downlink synchronization need to be studied. 

3 Conclusion
In this contribution, we discuss the RACH procedures and resource configuration taking the multi-beam based approaches into account. We propose that
Proposal 1: For multi-beam operation, a limited number of RACH occasions before RAR reception (window) should be configured by the network and UE uses different Tx beams for different RACH transmission occasions.

· At gNB the DL Tx beam for Msg2 is obtained from the detected RACH occasion or the group of preambles.
Proposal 2: For multi-beam operation, the RACH resource acquisition for preamble transmission should be considered separately for different association between SS-block and RACH occasion.

· Without association, predefined or implicitly indication is preferred.

· With association, a  look-up table for preambles and RO configuration is supported

Proposal 3: It should be supported that Msg2 carries RACH occasion information on which the gNB receives the preamble of the UE. 
· UE selects the UL Tx beam for Msg3 based on the indicated RACH occasion information

Proposal 4: Scenarios and respective procedures for transmitting RARs from TRPs which are different to the TRP with which the UE has obtained downlink synchronization need to be studied. 
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