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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#89 [1] and RAN1#AH2 [2], the following agreements were achieved:
	Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point
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
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?
Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to minimize the set of parameters.


In this contribution, we discuss the SS blocks selection, power ramping for Msg.1, and the power control for Msg.3 in the NR 4-step RA procedure.

[bookmark: _Ref129681832]Msg1 transmission power control and SS block selection 
In LTE, the transmit power of Msg1 is calculated based on the estimated pathloss PL based on CRS transmission power and power ramping factor, initial preamble power, and the number of preamble transmissions. As shown in eq. (1), the Msg1 transmission power consists of two parts, i.e., initial transmission power and ramped up power for retransmission. 
	 [dbm]      (1)

where 
PCMAX is the configured maximum UE transmit power, 
preambleInitialReceivedTargetPower is the initial preamble power, 
PL = referenceSignalPower – higher layer filtered RSRP, 
referenceSignalPower is the CRS Tx power, 
DELTA_PREAMBLE is a power offset, 
powerRampingStep is the power ramping factor. 



Initial Msg1 transmit power 
In LTE, the network planner could have more than 100 transmission power levels and 16 initial preamble power levels (preambleInitialReceivedTargetPower) for an eNB to cover a variety of cells. The size of a cell can be controlled by configuring the CRS transmission power and initial preamble power. However, the shape of a cell is fixed since only 1 set of PSS/SSS port is transmitted with fixed antenna pattern. With NR, up to 8 SS blocks and 64 SS blocks are transmitted in a SS burst set for sub-6 GHz and above 6-GHz, respectively. These SS blocks are transmitted through different TX beams to cover different directions, as shown in Figure 1. 
[bookmark: _Ref480819633][image: ]
[bookmark: _Ref488051307]Figure 1: example network in NR with multiple SS blocks 
Some main characteristics of in multi-beam NR: 
· The transmit powers (of SSS and/or PBCH DMRS) and the initial preamble powers over different SS blocks are different to achieve a higher energy efficiency and less interference, 
· the Tx beamforming vectors used for these SS blocks may vary based on gNB implementation, and 
· the Rx beamforming vectors used for the Msg1s, which are over the RACH ROs associated with the SS blocks, may also be different based on gNB implementation.
If the gNB Tx and Rx beamforming vectors are different, a beamforming gain gap may exist between the SS block transmission and the Msg1 reception, and the gap for different SS blocks may also be different. The beamforming gain difference impacts on the actual Msg1 reception power at the gNB. 
[bookmark: _Ref488163919]Observation 1: In NR with multiple SS blocks, the Tx power and the initial preamble power of SS blocks may be configurable and with different values.
[bookmark: _Ref488163923]Observation 2: In NR with multiple SS blocks, gNB beamforming gain gap may exist between the SS block transmission and the Msg1 reception, and the gap for different SS blocks may also be different.
[bookmark: _Ref488163946][bookmark: _Ref488333792]Proposal 1: In NR with multiple SS blocks, the parameters of the Tx power (of SSS and/or PBCH DMRS), initial preamble power (preambleInitialReceivedTargetPower), gNB Tx/Rx beamforming gain of the SS blocks are configured for the different SS blocks. 
NR should strive to minimize the broadcasting overhead in system information, e.g., same parameters for all the SS blocks in a SS burst and different parameters for the SS blocks in different SS bursts. Furthermore, to reuse the LTE initial power mechanism for Msg1, combined configured parameters can be studied such as combining Tx power and the gNB Tx beamforming gain or combining initial preamble power and gNB Rx beamforming gain, and others.

SS block selection for Msg1 retransmissions
In LTE, a UE improves robustness of radio link connection by monitoring multiple intra/inter-frequency carriers. In NR with multiple-beams, the signal qualities of the SS blocks are time-varying due to interference, UE mobility, channel fading, and blockage. To improve the connection robustness. Thus, multiple SS blocks should be monitored by a UE, and the UE maintains the link quality (or beam quality) of multiple SS blocks. 
During the random access procedure, Msg1 is retransmitted when collision resolution fails or when Msg1/RA response isn’t received. In a dense cell, a higher probability that Msg1 retransmission will be due to collision rather than failed Msg1 detection or unsuccessful RAR decoding. If there are more than one SS block that are with good beam quality (e.g., SS block RSRP), the UE can change the selected SS block during Msg1 retransmissions, and the number of Msg1 retransmissions and the random access delay can be reduced. For example, a UE detected two SS blocks, e.g., SSB1 and SSB2, both SSB1 and SSB2 are with good beam quality. In SSB1 there are many users while in SSB2 there are fewer users. If a UE failed Msg3 transmission in SSB1 in the former Msg1 transmission, the UE transmits the next Msg1 in SSB2. 
Changing the corresponding SS block for Msg1 retransmission may provide benefits in delay. However, it may lead to interference at the same time. Hence, there should be a carefully designed SS block switching rule. A straightforward way is to set a threshold for the UE to select the candidate SS blocks for Msg1 retransmission: 
· Absolute beam quality threshold: all the SS blocks that are with beam quality larger than the threshold can be candidate SS blocks for Msg1 retransmission. If all the beam qualities are less than the threshold, only the SS block with best beam quality is allowed for Msg1 retransmission. 
· Relative threshold: the SS block with best beam quality, and all the other SS blocks, that are with (beam quality + threshold) larger than the best beam quality, can be candidate SS blocks for Msg1 retransmission. 
[bookmark: _Ref488163925]
Observation 3: In NR with multiple SS blocks, random access delay may be reduced if the UE is allowed to change SS block used for Msg1 retransmission. However, the selection criteria of SS blocks for Msg1 retransmission should be studied. 
[bookmark: _Ref488163949]Proposal 2: In NR with multiple SS blocks, UE should select the candidate SS blocks for Msg1 retransmission according to a predefined criteria.

Msg1 retransmission with UE Tx beam switching 
For a UE with multiple TX beams, the user may either switch Tx beam or power ramping with the same Tx beam for a new Msg1 retransmission. An improperly ramped power will leads to enormous interference to the Msg1s from the other UEs. An example is shown in Figure 2 for a UE with multiple Tx beams. Only the Tx beam with index k is suitable for Msg1 transmission, while all the other beams cannot succeed even at the maximum power. When the UE succeed Msg1 transmission, the ramped power should be  n, and can be: 
1) At n, without interference and minimum expected delay; 
2) At n+1, with some interference and higher expected delay; 
3) At n+2, with much more interference and much higher expected delay; … 
[image: ]
[bookmark: _Ref488160325]Figure 2: power ramping and beam switching of a UE with only one suitable Tx beam k
Moreover, the expected delay can be minimized by minimizing the number of beam switching during Msg1 retransmission. However, the expected interference to the other users will be reduced if the number of beam switching during Msg1 retransmission increases. The different options for Msg1 power ramping are compared in Table 1, in terms of expected delay and potential interference. 
[bookmark: _Ref488162739]Table 1 UE Tx beam switching and power ramping comparisons 
	Option
	Ramping & switching behavior
	Expected delay
	Expected interference

	1
	A Tx beam is chosen, and always transmits with it until power reaches maximum, then switch Tx beam;
	Low
	High

	2
	K beams are tried for each ramped power i, K is the same for all i and configured by the cell;
	Medium: > option 1;
	Medium: < option 1;

	3
	At ramped power i, Ki beams are tried;
ki  ki+1 for any ramped power i;
	Medium:  option 2 and > option 1;
	Medium: > option 2 and < option 1;

	4
	At ramped power i, Ki beams are tried;
Ki  Ki+1 for any ramped power i;
	Medium: > option 1 / 2 / 3;
	Medium: < option 1 / 2 / 3;

	5
	At ramped power i, all Tx beams are tried;
	High 
	Low 

	6
	At ramped power i, Ki beams are tried;
Ki beams are up to UE; 
	Uncontrollable delay;
Best case = option 1;
	Uncontrollable interference;
Worse case = option 1.


[bookmark: _Ref488163950]
[bookmark: _Ref488163927]From the above comparisons, the following observation and proposal are made: 
[bookmark: _Ref488333436]Observation 4: In NR with multiple SS blocks, if a UE chooses option 1 or 6 the expected interference in a cell will be very high. On the other hand, Option 2, 3 or 4 provides good trade-off between delay and interference. 
[bookmark: _Ref488333581]Proposal 3: If UE conducts beam switching and the number of beam switching in a power level has reached the gNB configured value, it is left to UE implementation whether the counter of power ramping remains unchanged or increases.

Discussion on Msg.3 power control 
In LTE, eNB could inform the transmit power information for the first Msg.3 transmission by UL grant in Msg.2. The transmit power information is estimated based on the Msg.1 reception at eNB. For the retransmission of Msg.3, eNB could inform the transmit power information by DCI in PDCCH. The transmit power information can be estimated from the previous Msg.1 reception and Msg. 3 transmission (e.g., retransmission times), which is an implementation issue for eNB.
[bookmark: _Ref488163954][bookmark: _Ref484527890][bookmark: _GoBack]Proposal 4: For Msg.3 transmission, NR adopts the same power control mechanism as LTE as a baseline.

Summary
In this contribution, we discuss NR RACH power control for Msg.1. The following observations are made: 
Observation 1: In NR with multiple SS blocks, the Tx power and the initial preamble power of SS blocks may be configurable and with different values.
Observation 2: In NR with multiple SS blocks, gNB beamforming gain gap may exist between the SS block transmission and the Msg1 reception, and the gap for different SS blocks may also be different.
Observation 3: In NR with multiple SS blocks, random access delay may be reduced if the UE is allowed to change SS block used for Msg1 retransmission. However, the selection criteria of SS blocks for Msg1 retransmission should be studied.
Observation 4: In NR with multiple SS blocks, if a UE chooses option 1 or 6 the expected interference in a cell will be very high. On the other hand, Option 2, 3 or 4 provides good trade-off between delay and interference. 
The following proposals are made:
Proposal 1: In NR with multiple SS blocks, the parameters of the Tx power (of SSS and/or PBCH DMRS), initial preamble power (preambleInitialReceivedTargetPower), gNB Tx/Rx beamforming gain of the SS blocks are configured for the different SS blocks. 
Proposal 2: In NR with multiple SS blocks, UE should select the candidate SS blocks for Msg1 retransmission according to a predefined criteria.
Proposal 3: If UE conducts beam switching and the number of beam switching in a power level has reached the gNB configured value, it is left to UE implementation whether the counter of power ramping remains unchanged or increases.
Proposal 4: For Msg.3 transmission, NR adopts the same power control mechanism as LTE as a baseline.
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