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1	Introduction
In this paper, we discuss topics related to Msg2 to Msg4 in the 4-step RACH procedure. Specifically, we focus on RAR reception in both contention-based and contention-free RACH procedures, time-frequency resource configuration for PDCCH in the 4-step RACH, and the association between RACH resource and CSI-RS for beam recovery request in the CONNECTED mode. See our companion contrition [1] for topics related to Msg1 preamble transmission. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
2	Random access response (RAR) reception
At RAN2 #98 and AH#2 meetings [2][3], it was agreed that the RAR window size starts at fixed duration from the end of RACH transmission occasion, and the size of RAR window is configurable. 
	Agreements: (RAN2 #98, RAN2 AH#2)
1. The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.  From the RAN2 perspective, it is beneficial to be as low as possible, possibly zero.  Ask RAN1 what is the lowest processing time the UE can assume. [3]   
2. The size of RAR window is configurable. [2]



In a way similar to LTE, we propose that UE monitors an RAR window in a fixed duration after the UE transmits a preamble. In NR, the fixed duration should be in the unit of slots and should be counted from the slot where the transmitted preamble ends. The slot unit is based on the numerology of Msg2 in the case when numerologies of Msg1 and Msg2 are different. We further detail the timing relation between Msg1 preamble transmission and the corresponding RAR window using the following two examples. 
In Figure 1, we assume there is beam correspondence at the TRP so that UE only has to transmit a RACH preamble format during the duration that the RX beam associated with the TX beam which the UE intends to indicate is receiving. The length of such a preamble format is likely to be one or multiple RACH OFDM symbols. In this way, the overall RACH resource overhead in time dimension is not too large. For example, in Figure 4, assuming the fixed duration is X slots, since UE1 and UE2 finish transmitting their selected preambles at Slot n, they start to monitor RAR windows at Slot n+X. Similarly, since UE3 and UE4 finish transmitting their preambles at Slot n+1, they start to monitor their RAR windows at Slot n+1+X.


[bookmark: _GoBack]
[bookmark: _Ref485448460]Figure 1: An example of RACH resource allocation, preamble transmissions, and RAR windows with beam correspondence at the TRP.
	 
	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 2 illustrates one example for this case where RACH resources associated with different SS blocks are FDM or CDM to each other. Again, we assume the RAR window starts at a fixed duration of X slots. For example, in Figure 2, because all preambles end at Slot n+1, the corresponding RAR windows start at Slot n+1+X. 


[bookmark: _Ref485449198]Figure 2: 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 or CDM to each other. 
	 
For the RAR window design, for both single-beam and multi-beam operations, we make the following proposals. 
[bookmark: _Ref490048758]Proposal 1: The starting timing and the size of a RAR window should be in the unit of slots despite the fact that the transmitted preamble formats may be at the granularity of OFDM symbols. The unit of slots is based on the numerology of Msg2. FFS how Msg2 numerology is configured. 
[bookmark: _Ref490048770]Proposal 2: The RAR window starts at a fixed duration of X slots after a preamble is transmitted. The fixed duration of X slots is the same for all SS blocks if multi-beam operations are considered. FFS the value of X. 
[bookmark: _Ref490048777]Proposal 3: The size of a RAR window is configurable in the unit of slots. Furthermore, it is the same for all SS blocks if multi-beam operations are considered.  

2.1 	RAR reception for contention-free RACH
At the RAN1 AH#2 meeting, it was agreed that UE can transmit multiple Msg.1 in a contention-free RACH. 
	Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams



Based on this agreement, some problems are identified below: 
1. If UE transmits multiple Msg1 on multiple dedicated RACH transmission occasions with different TX beams and one or multiple of the transmitted Msg1 are detected, how does UE know which ones are detected? And which TX beam is to be used in the following uplink transmissions at least in Msg3? 
2. Should multiple RAR receptions be allowed for this case? If multiple RAR receptions are allowed, are multiple Msg3 transmission allowed?
3. Should multiple RAR windows be allowed? If they are not allowed, how should we define the RAR window for this contention-free case if multiple Msg1 transmission is configured?

If UE transmits multiple Msg1 with different TX beams, then the indication of which one(s) is detected can be explicitly carried in RAR. For example, the configuration of the RACH transmission occasion where the detected Msg1 is received can be explicitly signalled in RAR. This method, however, requires additional fields in the RAR content for contention-free RACH. In other words, the fields of RAR contents are different for contention-based and contention-free RACH procedures. Another method is that the indication of detected Msg1(s) can be achieved by some implicit association. For example, it can implicitly distinguished by RA-RNTI values if these multiple RACH occasions are located at time-frequency resources associated with different RA-RNTI values. Specifically, let us assume that RA-RNTI is designed in a way similar to LTE where RA-RNTI = 1 + t_idx + Nslot*f_idx and t_idx is in the slot index for NR. Therefore, as long as these multiple dedicated RACH transmission occasions are located in different slots, UE can determine which Msg1 transmission(s) has been detected by gNB based on the RA-RNTI value associated with the received RAR. By implicit indication, no extra fields need to be introduced RAR content for contention-free RACH. And therefore, unified RAR design for both contention-based and contention-free RACH procedures is possible. 
[bookmark: _Ref490222758]Observation 1: When multiple Msg1 transmission is configured, indicating the detected Msg1(s) by explicit signaling via RAR requires extra fields for contention-free RACH. 
Proposal 4: For contention-free RACH with multiple Msg1 transmission, RAN1 should discuss how to indicate which Msg1(s) is detected.   

In a contention-free RACH, when multiple Msg1 preambles from the same UE are detected, gNB knows these Msg1 preambles are transmitted by the same UE. Hence, gNB can decide which one among these detected preambles has the highest receiving quality. Therefore, gNB only sends RAR responding to the Msg1 preamble with the highest receiving quality. No multiple RAR receptions are allowed in the contention-free case even when multiple Msg1 transmissions are configured. Moreover, multiple Msg3 transmission should not be allowed even with multiple RARs received. 
[bookmark: _Ref490048792]Proposal 5: Both multiple RAR receptions and multiple Msg3 transmission shall not be allowed in RACH even when multiple Msg1 transmission is configured. 

Finally, how RAR windows should be configured for this contention-free case if multiple Msg1 transmissions are configured? One solution is that one RAR window is configured for each transmitted Msg1 preamble where the starting time and window size are same as those in the contention-based RACH. In other words, multiple RAR windows are allowed in this solution and they may or may not overlap depending on PRACH configuration. Another solution is that only one RAR window is configured for all these multiple Msg1 transmission. If this solution is chosen for NR, we think UE should start to monitor the RAR window after it finishes the first Msg1 transmission. Moreover, the size of the RAR window can be the same or larger than the RAR size in the contention-based RACH. If it is different from the RAR window size in contention-based RACH, it can be configured in the dedicated RACH configuration. In both solutions, UE can stop monitoring the configured RAR window(s) once it has successfully an RAR corresponding to any preamble it has transmitted.  
[bookmark: _Ref490048798]Proposal 6: If only one RAR window is configured for multiple Msg1 transmission in the contention-free RACH, the RAR window starts at a fixed duration after UE finishes the first Msg1 transmission. 
[bookmark: _Ref490048805]Proposal 7: If only one RAR window is configured for multiple Msg1 transmission in the contention-free RACH, the RAR window size can be different from that in the contention-based RACH. 

3	Downlink control signalling in 4-step RACH  
In the 4-step RACH procedure, PDCCH is used for scheduling Msg2 (RAR), Msg3 retransmission, and Msg4. In LTE, the PDCCH to schedule Msg2 is scrambled by RA-RNTI and is transmitted on common search space. And Msg3 retransmission and Msg4 are scheduled by PDCCH that is scrambled by temporary C-RNTI and can be transmitted on both common and UE-specific search spaces. The control resource set, CORESET, is introduced in NR to describe the time-frequency resource used by downlink control channel i.e. PDCCH. Based on current NR agreements, a CORESET can be configured at least by system information or UE-specific higher layer signalling. And actually, other methods are not precluded. Since UE-specific signalling is not available before RRC connection is established, CORESETs for PDDCHs in initial access including RACH cannot be configured by UE-specific higher layer signalling. Regarding Msg2 scheduling, UE is asked to monitor a RAR window for a configurable number of subframes in LTE. PDCCHs to schedule RAR shall hence be transmitted in a relatively continuous manner. In other words, the periodicity of CORESET for PDCCH for RAR shall be as small as possible so that the RACH procedure can be complete in a reasonable duration.  
[bookmark: _Ref490048813]Proposal 8: In initial access, CORESET used for PDCCH in RACH shall not be configured by UE-specific higher layer signaling.
[bookmark: _Ref490048820]Proposal 9: PDCCHs for scheduling Msg3 retransmission and Msg4 can be transmitted on both UE-specific and common search spaces. 
[bookmark: _Ref490048735]Observation 2: The periodicity of CORESET for PDCCH for RAR shall be as small as possible.

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 for beam recovery request. According to the following agreements related to the 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)
· 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



In RAN1, it has been agreed that there is an association between SS blocks and RACH resources. Figure 3 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 suitable 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 3: Association between SS blocks, CSI-RS and RACH resources

[bookmark: _Ref485418708]Observation 3: 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 10: For beam recovery request, whether RACH resource is associated with CSI-RS should be configurable by gNB. 
  
5	Conclusion
In this paper, we discuss topics related to Msg2 to Msg4 in the 4-step RACH procedure. Observations and proposals are summarized in the following. 
Observation 1: When multiple Msg1 transmission is configured, indicating the detected Msg1(s) by explicit signaling via RAR requires extra fields for contention-free RACH.
Observation 2: The periodicity of CORESET for PDCCH for RAR shall be as small as possible.
Observation 3: 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: The starting timing and the size of a RAR window should be in the unit of slots despite the fact that the transmitted preamble formats may be at the granularity of OFDM symbols. The unit of slots is based on the numerology of Msg2. FFS how Msg2 numerology is configured.
Proposal 2: The RAR window starts at a fixed duration of X slots after a preamble is transmitted. The fixed duration of X slots is the same for all SS blocks if multi-beam operations are considered. FFS the value of X.
Proposal 3: The size of a RAR window is configurable in the unit of slots. Furthermore, it is the same for all SS blocks if multi-beam operations are considered.
Proposal 5: Both multiple RAR receptions and multiple Msg3 transmission shall not be allowed in RACH even when multiple Msg1 transmission is configured.
Proposal 6: If only one RAR window is configured for multiple Msg1 transmission in the contention-free RACH, the RAR window starts at a fixed duration after UE finishes the first Msg1 transmission.
Proposal 7: If only one RAR window is configured for multiple Msg1 transmission in the contention-free RACH, the RAR window size can be different from that in the contention-based RACH.
Proposal 8: In initial access, CORESET used for PDCCH in RACH shall not be configured by UE-specific higher layer signaling.
Proposal 9: PDCCHs for scheduling Msg3 retransmission and Msg4 can be transmitted on both UE-specific and common search spaces.
Proposal 10: For beam recovery request, whether RACH resource is associated with CSI-RS should be configurable by gNB.
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