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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
This contribution discusses impact of UE TX/RX beam correspondence and non-correspondence on RACH procedures. Especially we focus on highlighted parts of the below agreements drawn in RAN1#86bis [3]:
	Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g.,
· RAR




2	Discussion
2.1	On UE TX beam selection for PRACH preamble TX
In initial access, the gNB is unaware of capabilities of UEs that may start performing initial access. Here capability refers to UE’s TX/RX beam correspondence, i.e. whether UE has TX/RX beam correspondence or not. 
Observation #1: gNB is unaware TX/RX beam correspondence capabilities of UEs that may start performing initial access into the cell.
It’s to be noted that gNB configures RACH resources according to its own TX/RX beam correspondence and reception capabilities. To support then different UE capabilities for the initial access procedure, the gNB should configure and allocate separate resources for different possible UE TX/RX beam correspondence capabilities, thus basically multiplying cell specific RACH resources. That is seen to cause unnecessary system overhead which may especially when operating with hybrid architectures be significant overhead because of need for TDMed resources and limited capability to provide UL data transmission capability during PRACH subframes. Thus, it’s considered that UE’s TX/RX beam correspondence capability should be transparent to RACH resource configuration. 
Proposal #1: UE’s TX/RX beam correspondence capability is transparent to RACH resource configuration in the cell. 
That would also mean that UL TX beam selection for PRACH preamble transmission should be up to UE and totally transparent to gNB. 
Proposal #2: UL TX beam selection up to UE for PRACH preamble.

2.2	TX/RX beam correspondence/non-correspondence impact on RACH procedures
First we go through in high level what kind of issues there are in RACH procedure with different TX/RX beam correspondence assumptions.
a) TX/RX beam correspondence at gNB and UE
	High level procedure:
· UE aligns its RX beam to a good DL TX beam based on beam specific reference signal
· UE reads PRACH configuration using aligned RX beam from system information
· UE transmits PRACH preamble using its RX beam as TX beam using PRACH preamble/resources associated to selected DL TX beam
· Selected DL TX beam used as a pathloss reference for uplink transmit power control
· UE keeps its RX beam the same and tries to detect PDCCH for RAR scheduling
· If the UE doesn’t receive RAR within RAR window we expect that UE would first ramp-up transmission power and would try again if the selected beam is still good one based on downlink measurements
· If the UE hasn’t received RAR and is using max allowed TX power, the UE may try different RX and TX beam based on downlink measurements



Observation #2: Beam correspondence at gNB and UE would lead to simple and efficient procedure.
b) TX/RX beam correspondence at gNB but not at UE
	High level procedure:
· UE aligns its RX beam to a good DL TX beam based on beam specific reference signal
· UE reads PRACH configuration using aligned RX beam from system information
· UE selects UL TX beam “randomly” and transmits PRACH preamble using PRACH preamble/resource associated to selected DL TX beam to which RX beam is aligned
· Issue 1: How to set UL TX power as no correspondence between RX beam and TX beam?
· UE keeps its RX beam the same and tries to detect PDCCH for RAR scheduling
· Issue 2: UE likely performs unnecessary PRACH preamble transmissions until UE TX beam gets aligned UE RX beam.
· If the UE doesn’t receive RAR within RAR window we expect that UE may first try different TX beam before going to TX power ramp-up for new preamble transmission



Observation #3: Beam non-correspondence at UE would cause unnecessary interference until UE TX beam gets aligned UE RX beam as well as increases access latency.
Observation #4: DL path loss reference for UL TX power setting is calculated using DL RX beam which may not correlate with UL TX beam.
c) TX/RX beam non-correspondence at gNB but TX/RX correspondence at UE
	High level procedure:
· UE aligns its RX beam to a good DL TX beam based on beam specific reference signal
· UE reads PRACH configuration using aligned RX beam from system information
· UE transmits PRACH preamble using its RX beam as TX beam using PRACH preamble associated to selected DL TX beam over all PRACH time domain resources of one full sweep PRACH period
· Selected DL TX beam used as a pathloss reference for uplink transmit power control
· UE keeps its RX beam the same and tries to detect PDCCH for RAR scheduling
· If the UE doesn’t receive RAR within RAR window we expect that UE would first ramp-up transmission power and would try again if the selected beam is still good one based on downlink measurements
· If the UE hasn’t received RAR and is using max allowed TX power, the UE may try different RX and TX beam based on downlink measurements



Observation #5: Beam non-correspondence at gNB requires UE to transmit PRACH in repetitive manner causing unnecessary transmissions for the UE.
d) TX/RX beam non-correspondence at gNB and at UE
	High level procedure:
· UE aligns its RX beam to a good DL TX beam based on beam specific reference signal
· UE reads PRACH configuration using aligned RX beam from system information
· UE selects UL TX beam “randomly” and transmits PRACH preamble using PRACH preamble associated to selected DL TX beam over all PRACH time domain resources of one full sweep PRACH period
· Issue 1: How to set UL TX power as no correspondence between RX beam and TX beam at UE and gNB?
· Issue 2: UE transmits unnecessary transmissions, i.e. during time domain PRACH resources when gNB RX beam(s) is/are not directed towards the UE’s signal
· UE keeps its RX beam the same and tries to detect PDCCH for RAR scheduling
· Issue 3: If TX beam is not aligned to BS RX/TX beam to which UE’s RX beam is aligned and gNB receives preamble successfully (e.g. other TRP may receive than the one to which UE’s RX beam is aligned to) and transmits RAR, the UE may not be able to receive RAR 
· If the UE doesn’t receive RAR within RAR window we expect that UE may first try different TX beam before going to TX power ramp-up for new preamble transmission



Observation #6: Beam non-correspondence at gNB requires UE to transmit PRACH in repetitive manner causing unnecessary transmissions for the UE.
Observation #7: Beam non-correspondence at UE would cause unnecessary interference until UE TX beam gets aligned UE RX beam as well as increases access latency.
[bookmark: _GoBack]Observation #8: DL path loss reference for UL TX power setting is calculated using DL RX beam which may not correlate with UL TX beam.
From above illustration, it is clear that full TX/RX beam correspondence at both gNB and UE would lead to most efficient and simple procedure. When beam correspondence is not available result is unnecessary interference caused to the system by multiple unsuccessful UE’s transmissions due to beam non-reciprocity at either end of the link. Furthermore, we note that unlicensed spectrum operation will likely require TX/RX beam correspondence for the transmitter, i.e. for both gNB and UE because transmitter should be able to transmit using the same RF beam pattern that was used for listen-before-talk (LBT) operation to declare whether the transmission channel is free or not. Thus, we propose that NR design should prioritize TX/RX beam correspondence assumption at both gNB and UE. 
Observation #9: Unlicensed operation requires TX/RX beam correspondence for the transmitter.
Proposal #3: Prioritize design assuming TX/RX beam correspondence at both gNB and UE. 
2.3	Whether or how to indicate UL Tx beam to the UE
As discussed above, the PRACH preamble transmission and resource configuration depends on the gNB capabilities related to TX/RX beam correspondence. One UE implementation option could be to keep UL TX beam fixed during one RACH full sweep independent of UE’s TX/RX beam correspondence capability as illustrated in Figure 1.
[image: ]
[bookmark: _Ref465375867]Figure 1 UE implementation option where UL TX beam is kept fixed at least during one full RACH RX sweep. 
If the UE doesn’t get the RAR corresponding to PRACH preamble transmission there are now two options two consider:
1) UE performs power ramp-up and uses the same beam for the new preamble transmission
2) UE changes the UL TX beam for the new preamble transmission

At lower carrier frequencies where UE operates using single-beam, the option 1) would be applicable. At higher carrier frequencies when the UE operates using beams and TX/RX beam correspondence holds at the UE, the UE may first try option 1) before going to option 2) if no RAR is detected. When the UE doesn’t have TX/RX beam correspondence, the UE may prefer option 2). However, it’s considered that it can be up to UE whether rely on one of the options or both as long as the UE follows the given RACH configuration and transmit power control rules. 
Proposal #4: Whether to prioritize power ramp up or TX beam switch during random access procedure when no RAR is detected is up to UE as long as the UE follows the PRACH configuration and transmit power control rules. 
It’s acknowledged that it’s important that after initial access procedure TX and RX beams at both ends, i.e. at gNB and UE, should be aligned so that further dedicated control and data related signaling may continue utilizing beamforming for both downlink and uplink at both ends. One of the questions to investigate is how the UL TX beam can get aligned to the serving gNB’s RX beam and whether there is any specification support needed. With beam reciprocity available at both ends, the UL TX beam gets aligned when the UE aligns it RX beam towards a good DL beam. When no beam reciprocity is available at the UE, some other means may need to be considered. 
As discussed above, one implementation option for the UE could be that it would keep its UL TX beam fixed at least during one full RACH sweep period. It’s further expected that RAR will include/signal in all configurations from single-beam to multi-beam with different gNB TX/RX capabilities information about the preamble to which the RAR is associated. Information includes at least time, frequency and preamble identity. If the UE detects RAR with time, frequency and preamble identity that matches transmitted PRACH preamble, the UE should be able to determine also what was used UL TX beam that it may use for the subsequent message 3. 
Observation #10: RAR includes information about associated preamble (time-frequency-preamble index) from which UE may derive the used TX beam for the successful preamble and no other indication signaling is needed. 
Proposal #5: RAR can be used by UE to determine the UL TX beam for message 3 transmission when it detects RAR that includes information matching the transmitted PRACH preamble and no additional mechanism is needed. 

3	Conclusions 
In this contribution impact of UE TX/RX beam correspondence and non-correspondence are discussed. Related to UE TX beam selection for PRACH preamble transmission the following observations and proposals are drawn:
Observation #1: gNB is unaware TX/RX beam correspondence capabilities of UEs that may start performing initial access into the cell.
Proposal #1: UE’s TX/RX beam correspondence capability is transparent to RACH resource configuration in the cell. 
Proposal #2: UL TX beam selection up to UE for PRACH preamble.

Related to TX/RX beam correspondence/non-correspondence impact on RACH procedures the following observations and proposals are drawn:
a) TX/RX beam correspondence at gNB and UE
Observation #2: Beam correspondence at gNB and UE would lead to simple and efficient procedure.
b) TX/RX beam correspondence at gNB but not at UE
Observation #3: Beam non-correspondence at UE would cause unnecessary interference until UE TX beam gets aligned UE RX beam as well as increases access latency.
Observation #4: DL path loss reference for UL TX power setting is calculated using DL RX beam which may not correlate with UL TX beam.
c) TX/RX beam non-correspondence at gNB but TX/RX correspondence at UE
Observation #5: Beam non-correspondence at gNB requires UE to transmit PRACH in repetitive manner causing unnecessary transmissions for the UE.
d) TX/RX beam non-correspondence at gNB and at UE
Observation #6: Beam non-correspondence at gNB requires UE to transmit PRACH in repetitive manner causing unnecessary transmissions for the UE.
Observation #7: Beam non-correspondence at UE would cause unnecessary interference until UE TX beam gets aligned UE RX beam as well as increases access latency.
Observation #8: DL path loss reference for UL TX power setting is calculated using DL RX beam which may not correlate with UL TX beam.

Observation #9: Unlicensed operation requires TX/RX beam correspondence for the transmitter.
Proposal #3: Prioritize design assuming TX/RX beam correspondence at both gNB and UE.

Related to whether or how to indicate UL Tx beam to the UE the following observations and proposals are made:
Proposal #4: Whether prioritize power ramp up or TX beam switch during random access procedure when no RAR is detected is up to UE as long as the UE follows the PRACH configuration and transmit power control rules.
Observation #10: RAR includes information about associated preamble (time-frequency-preamble index) from which UE may derive what was used TX beam for the successful preamble and no other indication signaling is needed. 
Proposal #15: RAR can be used by UE to determine the UL TX beam for message 3 transmission when it detects RAR that include information matching the transmitted PRACH preamble and no additional mechanism is needed.
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