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This contribution provides our views on power ramping and power control for RACH Procedure. The following agreements were made in the previous two RAN1 meetings:
	Agreements:
· Update previous meeting as follows:
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. .
·          …….
· 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

Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power

Agreements:
· 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
· 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


Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured





2. SS block selection during Msg1 transmission
In the last meeting, RAN1 raised the following question regarding SS block selection, “Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?” [3].

RAN2 also discussed three options to select SS block during handover scenarios. They are as follows:
· Completely specified by gNB, e.g., best SS block
· Completely up to UE implementation
· Specified behavior with some parameter(s) than can be controlled by the network. 
· For example, gNB configures a threshold, UE could select the first coming RACH resource above the configured threshold

We now describe these three options, in details. 

Best SS block during Msg1 Transmission: The selection of the best SS block during Msg1 transmission allows gNB to find the set of appropriate directions to transmit CSI-RS for the UE.

Observation 1: The selection of the best SS block during Msg1 transmission allows gNB to find the appropriate directions to transmit CSI-RS for the UE.

However, network can also obtain the strongest SS block index of the UE by configuring it to convey this information explicitly through Msg3 of contention based random access and implicitly through Msg1 of contention free random access in dedicated time/frequency regions. A detailed description of these additional beam reporting mechanisms can be found in [5].
Observation 2: Network can configure UE to report the strongest SS block in Msg3 of contention based random access and Msg1 of contention free random access that occurs in dedicated time/frequency region. Network can use this information to find appropriate CSI-RS directions for the UE.

SS block selection based on UE implementation:  From UE’s perspective, the flexibility of selecting a suitable SS block to transmit Msg1 achieves two benefits.

1) RACH latency reduction: NR has defined up to 64 SS blocks within an SS burst set in over-6 GHz. Allocating consecutive RACH resources corresponding to these 64 SS blocks will block DL transmission for a long time. Hence, the RACH resources corresponding to these 64 SS blocks would be distributed over time in different RACH configurations. If UE has the flexibility to select a suitable SS block to transmit Msg1, it can select the earliest RACH resource that allows UE to meet the target RACH received power at the base station. NR is already considering ‘zero latency handover’ to speed up UE’s handover process. Hence, the flexibility to select suitable SS block to reduce RACH latency is very important for the UE.

2) Maximum permissible exposure (MPE) regulation: FCC’s MPE related regulation may prevent a UE to transmit towards a direction where it would cause damage to the skin [4]. In other words, a beam could be strongest in DL but may not be suitable in UL because it is blocked by hand and transmission in this direction would cause skin damage. Hence, if UE is forced to select the strongest SS block during Msg1 transmission, it may not be allowed to transmit RACH according to FCC regulations. If UE has the flexibility to select an SS block for Msg1 transmission, it can select a direction where it would not cause damage to skin.
Observation 3: ‘Suitable’ SS block based Msg1 transmission allows UE to reduce RACH latency.
Observation 4: FCC’s MPE regulation may prevent a UE to select the strongest SS block during Msg1 transmission if UE’s transmission direction corresponding to the strongest SS block causes damage to the skin.
Specified behaviour with some parameter(s) controlled by network:  Whether a UE can meet the required RACH received power depends both on link gain of the selected SS block and UE’s maximum transmission power. Hence, network needs to know UE’s maximum transmission power to set up a threshold, in terms of link gain, to select SS block. However, network is not aware of UE’s maximum transmission power during Msg1 transmission of initial access and cannot setup these parameters properly.
Observation 5:  Network is not aware of UE’s maximum transmission power during Msg1 transmission of initial access and cannot properly setup a threshold, in terms of link gain, to select an SS block.
Proposal 1: NR should provide UE the flexibility to select a ‘suitable’ gNB TX beam during Msg1 transmission to meet RACH link budget, reduce RACH latency and maintain MPE regulations.

3. Msg1 (Re)transmission
3.1 Maximum number of retransmission

During Msg1 retransmission, UE may change its TX beam or select a RACH resource that corresponds to a different SS block than the one that it selected originally. gNB should inform the maximum number of Msg1 retransmission opportunities to the UE. UE’s power control policy will follow the agreements, i.e., if UE switches its TX beam, power ramping counter will remain unchanged and if UE does not change its TX beam, the power ramping counter will increase. UE’s behaviour regarding selecting different PRACH resources and/or using different UL TX beams during these retransmissions is up to UE implementation.
Proposal 2: NR should support gNB informing the maximum number of Msg1 retransmission opportunities to the UE. UE’s behaviour regarding selecting different PRACH resources and/or using different UL TX beams during these retransmissions is up to UE implementation.

3.2 Uplink Transmit Power Control during Msg1 Transmission in the Absence of gNB Beam Correspondence

In LTE, gNB informs its transmit power to UEs through SIB. UE uses this information to update its path loss estimate and to derive its Msg1 transmit power. This procedure can be applied readily to scenarios where gNB has beam correspondence.
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Figure 1: Mismatch in Msg1 transmit power control in the absence of gNB beam correspondence
However, if beam correspondence is not available at gNB, the transmit array gain and receiver array gain for a UE may not be the same. Hence, Msg1 transmit power selected based on gNB transmit power and receive path loss may not be suitable to meet link budget for RACH Msg1. 
Figure 1 illustrates this scenario. gNB uses two different sets of four beams to cover the whole angular region while sweeping beams during SYNC and RACH. UE falls in the peak direction of a beam that is used during SYNC transmission. But UE falls in the valley of two beams that are used to receive RACH Msg1 signals. The receive array gain of gNB for this UE will be smaller than the transmit array gain of gNB for the same UE. Hence, if UE selects its uplink transmit power based on gNB transmit power and its estimated path loss during SYNC, it will not be able to mitigate link budget of RACH Msg1.
To mitigate this issue, gNB needs to inform through SIB the maximum difference between its maximum array gain during SYNC transmission and the array gain at cross over points between two beams during RACH reception. UE can use this information, along with the transmit power of gNB and its estimated path loss to find the uplink transmit power of Msg1. Alternatively, gNB can advertise different gNB transmit power value to compensate this difference between the DL TX array gain and UL RX array gain.
Observation 6: If beam correspondence is not available at gNB, gNB needs to convey additional information, e.g., the worst case difference between its DL TX array gain during SYNC transmission and the UL RX array gain during RACH reception, to UEs to allow uplink power control of Msg1. Alternatively, gNB can advertise different gNB transmit power value to compensate this difference.

3.3 Uplink Transmit Power Control during Msg1 in the absence of UE beam correspondence

In LTE, the preamble transmission power, , was determined as

where  is the configured UE transmit power for cell  and subframe ,  is the downlink path loss estimate calculated in the UE for serving cell , and  is the necessary serving cell preamble receive power.
This power control mechanism can be readily applied to UEs with beam correspondence since these UEs can map their DL RX beam to corresponding UL TX beams. However, UEs without beam correspondence cannot do that. That means, for these UEs, the estimated path loss during SYNC reception is not the same as the experienced path loss during RACH transmission. If these UEs are located close to the base station, they may detect SYNC through the sidelobe of their RX beams. Since these UEs will use a different beam shape while transmitting RACH, the corresponding Msg1 transmission may reach gNB at significantly higher received power than desired. This will impact Msg1 transmission of other UEs of the network.
Observation 7: UEs without beam correspondence cannot map their estimated path loss during SYNC reception to the expected path loss during RACH reception.
Proposal 3: NR studies uplink transmit power selection policies so that UEs without beam correspondence reduce interference to other UEs of the network.
3.4 Power ramping counter update while selecting different gNB TX beam during Msg1 transmission 

RAN1 has already decided that UE will increase its power ramping counter if it retransmits Msg1 with the same TX beam and UE should keep the power ramping counter same if it changes its TX beam.
RAN1 should also discuss how UE can update its power ramping counter while selecting a different gNB TX beam during Msg1 transmission. A ramped up transmit power allows UE to encounter interference from other UEs and successfully convey Msg1 during retransmission. On the other hand, a ramped up transmit power from one UE creates more interference to other UEs’ Msg1 transmissions.
In a multi-beam scenario, different gNB beams may face different interference levels. Hence, NR should support a per gNB TX beam specific power ramping counter so that UE does not carry the power ramping counter from one gNB TX beam, where interference might be high, to a different gNB TX beam, where interference might be low.
Proposal 4: NR supports a per gNB TX beam specific power ramping counter during Msg1 retransmission.
4. Msg1 transmit power control through dedicated time/frequency domain RACH region of handover scenarios
RAN1 is currently discussing if contention free random access would be allowed in dedicated time/frequency domain during handover scenarios. 
Transmission power of RACH transmission through common RACH resources and dedicated preamble indices within the common time/frequency RACH region needs to be scaled so that different UEs RACH transmission reach gNB at similar power level. This ensures that RACH transmission of one UE does not interfere with that of other UEs.
However, in dedicated time/frequency domain RACH region, gNB can schedule the whole set of RACH resources – e.g. all preamble indices – to one UE if RACH load is lower in the network. Hence, gNB can allow this UE to transmit CFRA in dedicated time domain RACH region with higher transmit power and convey more information through Msg1.  
Proposal 5: During CFRA procedure of handover through dedicated time/frequency domain RACH resources, NR considers providing Msg1 transmit power control information to a UE.

5. Msg3 (Re)Transmission
5.1 Adaptive DCI based Retransmission

NR should support DCI based retransmission of Msg3. This allows gNB to flexibly schedule Msg3’s transmission through DCI.
[bookmark: _GoBack]Proposal 6: NR should support DCI based retransmission of Msg3.
5.2 Power Control during Msg3 Retransmission
If UE is retransmitting Msg3 after receiving DCI, it should select its Msg3 transmit power based on the uplink transmit power grant of Msg3 retransmission.
If UE is retransmitting Msg3 on its own, i.e., without any DCI based grant, the power ramping policy during Msg3 retransmission should follow the principles of the current agreements regarding Msg1 power control. That means, if UE uses the same TX beam to retransmit Msg3, the counter of uplink power ramping should increase. If UE is using a different TX beam to retransmit Msg3, the counter of uplink power ramping should remain unchanged.
Proposal 7: If UE is retransmitting Msg3 after receiving DCI, it should select its Msg3 transmit power based on the uplink transmit power control parameter conveyed in the DCI.
Proposal 8: If UE is retransmitting Msg3 on its own, the counter of power ramping increases if UE uses the same beam to retransmit Msg3 and the counter of power ramping remains unchanged if UE uses a different TX beam to retransmit Msg3.
6. Conclusion
Observation 1: The selection of the best SS block during Msg1 transmission allows gNB to find the appropriate directions to transmit CSI-RS for the UE.

Observation 2: Network can configure UE to report the strongest SS block in Msg3 of contention based random access and Msg1 of contention free random access that occurs in dedicated time/frequency region. Network can use this information to find appropriate CSI-RS directions for the UE.
Observation 3: ‘Suitable’ SS block based Msg1 transmission allows UE to reduce RACH latency.
Observation 4: FCC’s MPE regulation may prevent a UE to select the strongest SS block during Msg1 transmission if UE’s transmission direction corresponding to the strongest SS block causes damage to the skin.
Observation 5:  Network is not aware of UE’s maximum transmission power during Msg1 transmission of initial access and cannot properly setup a threshold, in terms of link gain, to select an SS block.
Observation 6: If beam correspondence is not available at gNB, gNB needs to convey additional information, e.g., the worst-case difference between its DL TX array gain during SYNC transmission and the UL RX array gain during RACH reception, to UEs to allow uplink power control of Msg1. Alternatively, gNB can advertise different gNB transmit power value to compensate this difference.
Observation 7: UEs without beam correspondence cannot map their estimated path loss during SYNC reception to the expected path loss during RACH reception.

Proposal 1: NR should provide UE the flexibility to select a ‘suitable’ gNB TX beam during Msg1 transmission to meet RACH link budget, reduce RACH latency and maintain MPE regulations.
Proposal 2: NR should support gNB informing the maximum number of Msg1 retransmission opportunities to the UE. UE’s behaviour regarding selecting different PRACH resources and/or using different UL TX beams during these retransmissions is up to UE implementation.
Proposal 3: NR studies uplink transmit power selection policies so that UEs without beam correspondence reduce interference to other UEs of the network.
Proposal 4: NR supports a per gNB TX beam specific power ramping counter during Msg1 retransmission.
Proposal 5: During CFRA procedure of handover through dedicated time/frequency domain RACH resources, NR considers providing Msg1 transmit power control information to a UE.
Proposal 6: NR should support DCI based retransmission of Msg3.
Proposal 7: If UE is retransmitting Msg3 after receiving DCI, it should select its Msg3 transmit power based on the uplink transmit power control parameter conveyed in the DCI.
Proposal 8: If UE is retransmitting Msg3 on its own, the counter of power ramping increases if UE uses the same beam to retransmit Msg3 and the counter of power ramping remains unchanged if UE uses a different TX beam to retransmit Msg3.
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