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1	Introduction
Regarding Msg1 transmission and retransmission, the following issues still require RAN1’s attention.  
 
	Agreements: (RAN1 #87)
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

RAN1 AH#2
To be discussed further:
· Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?
· Is the UE is allowed to change SS block used for the pathloss estimate for retransmission?
Continue discussions in the next meeting



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we discuss how the counter of power ramping should be updated when UE changes RACH resource for Msg1 retransmission. In addition, we share our views on the two issues that were brought up at the previous meeting. 
2	Power ramping with UE beam switching
How to combine the power ramping counter and UE beam switching at Msg1 retransmissions has been extensively discussed in RAN1 previous meetings. Agreements are mainly made at RAN1#89 and AH#2 and are summarized below. 
	Agreement: (RAN1 NR AH#1, #89 and NR AH#2)
For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, the counter of power ramping remains unchanged. 
· UE behavior when reaching the maximum power
· If the recalculated power is still at or above the Pc,max, the UE can transmit at maximum power even if it changes its TX beam
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping
· The pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset



During RAN1 #89, companies agreed to down-select all proposed options for updating the power ramping counter when UE conducts beam switching. Companies reached an agreement the counter of power ramping remains unchanged if UE switches TX beams. One FFS was added at that meeting to further study UE behavior after reaching the maximum power. Then, companies discussed and reached consensus about this FFS at the following RAN1 NR AH#2 meeting. Therefore, how to update the counter of power ramping when UE switches UL TX beams is clearly stated in RAN1’s agreements. Furthermore, at NR AH#1, it was already agreed that whether and when UE perform UL beam switching is up to UE implementation. Therefore, we think RAN1 should focus on the following remaining issues and move forward:
1. During Msg1 retransmission, is UE is allowed to change RACH resources associated with another SS block which is different the original SS block it has chosen? If yes, then how to combine power ramping and RACH resource switching at Msg1 retransmission? 
2. How to calculate PRACH transmission power for a selected preamble format, a value of the counter of power ramping, and other factors that have impact on PRACH transmission power?
3. The detail of power ramping step size is FFS. 

[bookmark: _Ref490164614]Proposal 1: RAN1 should focus on power ramping issues related to RACH resource switching rather than repeatedly discussing those related to UE beam switching.  

3	Power ramping with RACH resource switching
According to the agreement made in RAN1 #87, UE may select power ramping, TX beam switching, resource switching or a combination of the above for Msg1 retransmission. RAN1 has reached agreements on how power ramping and UE beam switching can be combined at Msg1 retransmission as described in the previous section. Regarding “resource switching,” there are two different scenarios/interpretations in practice: 
1. Switching to another subset of RACH time/frequency/preamble resource associated with the same SS block
2. Switching to another subset of RACH time/frequency/preamble resource associated with a different SS block 

The first scenario has existed in LTE which allows UE to choose a different RACH time-frequency resource and/or a different preamble index for Msg1 retransmission. NR should continue to support this flexibility for UE. In this section we focus on the second scenario that echoes the question raised in the previous RAN1 meeting:
“Is the UE is allowed to change SS block used for the pathloss estimate for retransmission?”
If another SS block with better RSRP has identified by a UE during its Msg1 retransmissions, what is the reason to force the UE to stick to the older SS block with worse RSRP? The pathloss difference between two SS blocks can be estimated by UE and then be reflected in the PRACH transmission power calculation equation. Changing SS blocks hence should be allowed at Msg1 retransmissions during a RACH procedure.   

[bookmark: _Ref490164621]Proposal 2: NR allows UE to change SS blocks used for the pathloss estimate for Msg1 retransmission.

If UE is allowed to switch RACH resources associated with different SS blocks during a RACH procedure, how should power ramping and RACH resource switching be combined at Msg1 retransmissions? 

One of the purposes for power ramping is to prioritize UEs who have failed preamble transmissions. In typical cases when UE is not experiencing an extremely high speed, we do not have expect UE has to change SS blocks very often. When the best SS block has changed, it often implies the UE has retransmitted Msg1 many times. It would contradict to the purpose of power ramping if the UE is asked to reset its power ramping counter. Furthermore, recall that RAN1 has agreed that the power ramping counter remains unchanged instead of being reset if UE switches to another TX beam. The power uncertainty caused by UL TX beam switching is much larger than that caused by DL SS block switching because the pathloss difference between two different SS blocks can be estimated by UE. Therefore, we propose that the power ramping counter remains the way it is updated no matter whether RACH resource is changed or not. To be more clear, if UE changes it TX beam at retransmission, then the power ramping counter remains unchanged. If UE does not change it TX beam at retransmission, the power ramping counter keeps increasing. This rule can then be applied to both scenarios of RACH resource switching: (a) RACH resources associated with the same SS block (b) RACH resources associated with a different SS block.
[bookmark: _Ref490164628]Proposal 3: When UE changes SS blocks at Msg1 retransmission, the preamble transmission counter is incremented by one. The counter of power ramping keeps increasing if UE stays on the same beam and it remains unchanged if UE conducts UL TX beam switching.  

4	Counters in Msg1 transmission
In LTE, UE can apply the number of preamble transmission times to the PRACH transmission equation and obtain the PRACH transmission power. However, in NR, the number of preamble transmission times may be equal or less than the counter of power ramping when multi-beam operations are considered. Therefore, the PRACH transmission power should be derived based on the counter of power ramping. Meanwhile, the counter of preamble transmission is used to check whether Msg1 transmission has reached the maximum number of preamble transmission configured by the network. 

[bookmark: _Ref490164634]Proposal 4: In NR, UE maintains both power ramping counter and preamble transmission counter at least for multi-beam operations.
[bookmark: _Ref490164640]Proposal 5: The counter of power ramping is used for msg1 transmission power calculation while the preamble transmission counter is used for RACH termination condition check. 

5	SS block selection
In the last meeting (NR AH#2), RAN1 decided to continue discussion on whether UE is required to choose the SS block with the highest RSRP in initial access. At the same meeting, RAN2 agreed that how the UE selects a suitable beam at handover (HO) was FFS. Because NR should strive for a common procedure for most, if not all, scenarios that apply RACH, the behavior that UE selects the SS block/CSI-RS should be applied to RACH in both initial access and handover.

	Agreements: (RAN2 NR AH#2)
1	Measurement information (including beam information if there are beams in the network) reported by the UE can be included the HANDOVER REQUEST message sent to the target.
2	The handover command includes all necessary parameters (at least new C-RNTI, target gNB security algorithm identifiers, and optionally a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).
FFS How the UE uses the set of dedicated RACH resources and common RACH resources, 
FFS How the UE knows the common RACH resources.
3	Handover command can include association between RACH resources and SS blocks.
4	Handover command can include association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.
FFS How the UE selects the beam and RACH resources to be used to access from the information included in the handover command. This could be specified behaviour, or specified behaviour with some parameter(s) than can be controlled by the network, and can be discussed is some aspects might be left to UE implementation.
5	Timer based handover failure procedure like LTE (T304) is supported in NR.
6	RRC connection re-establishment procedure should be used for recovering handover failure.



In practice, UE may detect several SS blocks that have comparable RSRP qualities. However, the RACH resources associated with these detected SS blocks may be located far away in time domain, especially when the number of actually transmitted SS blocks is large, gNB does not have full beam correspondence, and RACH resources associated with different SS blocks are TDMed (time-domain multiplexed). In this case, it is definitely a wise strategy if UE chooses a SS block that can significantly reduce its access latency with ignorable connection quality loss. On the other hand, UE would not choose a SS block that has a bad RSRP quality no matter how much access latency reduction it can provide. In short, this is a design problem that trades between access latency and link quality. It should hence be left to UE implementation.

[bookmark: _Ref490205559]Proposal 6: In a RACH procedure including initial access and handover, how to select a SS block (or CSI-RS) is up to UE implementation. 
6	Conclusion
This contribution discusses RACH Msg1 retransmission. Observations and proposals are summarized as follows. 
Proposal 1: RAN1 should focus on power ramping issues related to RACH resource switching rather than repeatedly discussing those related to UE beam switching.
Proposal 2: NR allows UE to change SS blocks used for the pathloss estimate for Msg1 retransmission.
Proposal 3: When UE changes SS blocks at Msg1 retransmission, the preamble transmission counter is incremented by one. The counter of power ramping keeps increasing if UE stays on the same beam and it remains unchanged if UE conducts UL TX beam switching.
Proposal 4: In NR, UE maintains both power ramping counter and preamble transmission counter at least for multi-beam operations.
Proposal 5: The counter of power ramping is used for msg1 transmission power calculation while the preamble transmission counter is used for RACH termination condition check.
Proposal 6: In a RACH procedure including initial access and handover, how to select a SS block (or CSI-RS) is up to UE implementation. 
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