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1	Introduction
At the previous RAN1 meetings, the following agreements were made on SS blocks and RACH resources:
	Agreements: (RAN1 #88bis) 
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
· The way the value of L is reflected in specification is FFS
· Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact
· Possibility of having unified frequency agnostic signaling design is not precluded

Agreements: (RAN1 #88bis)
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam

Agreements: (RAN1 #87)
· 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

Agreement: (RAN1 AH1701)
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises




In this paper, we point out a problem in RACH resource allocation given the above maximum number of SS-blocks. We also share our views on timing of multi-beam RAR windows.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2	Msg1: Preamble transmission
Assuming that N is the number of actually transmitted SS blocks, Figure 1 to Figure 3 illustrate three designs of RACH resource allocation and preamble transmissions for multi-beam operations with analog beamforming. We assume there is no beam correspondence at the TRP so that UE has to transmit a preamble containing multiple repeated RACH OFDM symbols for the RX beam sweeping at the TRP. Based on current agreements, N can be any integer number that is less or equal to L, the maximum number of SS-blocks, listed above. In the first design method as shown in Figure 1, RACH resource associated with all N SS blocks is clustered together. It is simple and straightforward. However, many different preamble formats have to be defined in order to support the flexibility of N. In addition, it provides less scheduling flexibility to gNB as contiguous resource is required. In Figure 2, multiple RACH resources are allocated in order for gNB to complete RX beam sweeping. These resources can be either contiguous or non-contiguous depending on gNB’s configuration. After RX beam sweeping is complete, UE waits for the random access response in the following RAR window. Though this method requires fewer preamble formats and provides more scheduling flexibility than the first method, it requires multiple Msg1 transmissions before the end of monitored RAR window which has not been agreed in NR especially for contention-based random access procedures. Figure 3 provides a distributed resource allocation design where each RACH time-frequency resource is followed by an RAR window. Similar to the second method, this commands fewer preamble formats to be defined compared with the first method. And unlike the second method, this is aligned with the current NR-PRACH agreement. However, it may require more complicated RACH configuration and signaling.

[bookmark: _Ref485418726]Proposal 1: NR studies and decides which one of the above schemes should be employed for NR-PRACH. 



[bookmark: _Ref485446145]Figure 1: Localized RACH resources with a single Msg1 transmission. Many preamble formats need to be defined in order to support different values of N. 



[bookmark: _Ref485446779]Figure 2: Contiguous or non-contiguous localized RACH resources with several shorter preamble formats to complete one set of RX beam sweeping before one RAR window. This requires multiple Msg1 transmission before the end of monitored RAR window which has not been agreed in NR.  




[bookmark: _Ref485446157]Figure 3: Distributed RACH resources with following RAR windows. This meets NR current agreement that single Msg1 transmission before the end of monitored RAR window. However, it may require more complicated RACH configuration and signaling. 

3	Msg2: RAR reception
In this section, we further discuss the timing relation between Msg1 preamble transmission and the corresponding RARA window. In Figure 4, we assume there is beam correspondence at the TRP so that UE only has to transmit RACH preamble format during the duration when the RX beam associated with the TX beam that it intends to indicate is receiving. The length of such preamble formats is likely to be one or multiple RACH OFDM symbol duration so that the overall RACH resource overhead in time dimension is not too high. Similar to LTE, the starting timing of the following RAR window can be counted from the last slot when a preamble format ends. For the case when there is no beam correspondence at the TRP, longer preamble formats with repeated RACH OFDM symbols are preferred for the RX beam sweeping at TRP. Figure 5 illustrates one example of this case where RACH resources associated with different SS blocks are FDM to each other. In both examples, the RAR windows for preambles associated with different SS blocks can be disjoint or totally overlapped depending on their RACH configuration. If RAR windows associated with different SS blocks are overlapped, then SS block indices may have to be taken into account for RA-RNTI determination.  

[bookmark: _Ref485418742]Proposal 2: The starting timing and duration of a RAR window should be in the granularity of slots regardless the transmitted preamble formats may be at the granularity of OFDM symbols.
[bookmark: _Ref485418749]Proposal 3: NR should take SS block indices into account when designing RA-RNTI for multi-beam operations. 
   

 
[bookmark: _Ref485448460]Figure 4: An example of RACH resource allocation, preamble transmissions, and RAR windows with beam correspondence at the TRP.





[bookmark: _Ref485449198]Figure 5: An example RACH resource allocation, preamble transmissions, and RAR windows without beam correspondence at the TRP where we assume RACH resources associated with different SS blocks are FDM. 
4	RACH resource association with CSI-RS
In this section, we discuss whether the association between CSI-RS and a subset of RACH resources and/or a subset of preamble indices should be configured for PRACH preamble transmission in CONNECTED mode. 

	Agreements: (RAN1 #89)
· RAN1 will study transmitting PRACH preambles in CONNECTED mode in resources based on CSI-RS
· FFS: use cases and configurations details based on CSI-RS

Agreements (RAN1#88bis):
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam

Agreements: (RAN1 #87)
· 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




According to the following agreements related to beam failure recovery mechanism, beam identification RS includes at least periodic CSI-RS for identifying new candidate beams. In addition, it has been agreed that non-contention-based channel based on PRACH can be used to transmit beam recovery requests, at least for the case when beam recovery request resources are FDM to PRACH.
	Agreements: (RAN1 #88bis)
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
. . .
. . .

Agreements: (RAN1 #89)
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· Support using PUCCH for beam failure recovery request transmission
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both




It has been agreed that there is an association between SS blocks and RACH resources. Figure 6 provides an example how a subset of RACH resources is associated with SS blocks. For simplicity, we have assumed there is full beam correspondence at the TRP so that UE only has to transmit at the time instance when the RX beam corresponding to the best DL SS block the UE has selected. With the association between SS blocks and RACH resource available, whether to associate CSI-RS with RACH resource becomes an issue. As CSI-RS has been agreed to be used for beam recovery requests and L3 mobility, if the association is not provided, how can gNB decide which DL TX beam which should have the same beamwidth as CSI-RS to use for Msg2 transmission? One may argue that the wider beams associated with SS blocks are composite results of multiple narrower CSI-RS beams. Similarly, it is these narrower beams that are actually receiving at the gNB when detecting PRACH preambles. If this is the case, then gNB can tell which CSI-RS the UE intends to indicate without an explicit association between CSI-RS and RACH resource. However, this argument may not be true for gNB with less capability because it cannot always form two or multiple beams simultaneously.  


[bookmark: _Ref485451251]Figure 6: Association between SS blocks, CSI-RS and RACH resources

[bookmark: _Ref485418708]Observation 1: Whether gNB can simultaneously form multiple beams to transmit or receive signals at more than one direction is dependent on gNB’s capability.  
[bookmark: _Ref485418756]Proposal 4: Whether RACH resource is associated with CSI-RS should be configurable by gNB. 
[bookmark: _GoBack]  
5	Conclusion
In this paper, we discuss Msg1 transmission and Msg2 reception in the 4-step RACH procedure. We also discuss the association between RACH resource and CSI-RS. Observations and proposals are summarized in the following. 
Observation 1: Whether gNB can simultaneously form multiple beams to transmit or receive signals at more than one direction is dependent on gNB’s capability.
Proposal 1: NR studies and decides which one of the above schemes should be employed for NR-PRACH.
Proposal 2: The starting timing and duration of a RAR window should be in the granularity of slots regardless the transmitted preamble formats may be at the granularity of OFDM symbols.
Proposal 3: NR should take SS block indices into account when designing RA-RNTI for multi-beam operations.
Proposal 4: Whether RACH resource is associated with CSI-RS should be configurable by gNB.
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