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1. Introduction
[bookmark: _GoBack]At the RAN1#97 meeting, the issues related to procedure for 2-step RACH were discussed and RAN1 made following agreements [1].
	Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.

Agreements:
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.

Conclusion:
In the reply LS to the RAN2 on power ramping, 
· Include the agreements right above, and
· Mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.

Agreements:
· The proposals in 5.2.6 of R1-1907900 is agreed

Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
R1-1907901	[Draft] LS Reply on 2-step RACH MsgA content and power control	Nokia
Updated to R1-1907935, which is approved with final LS in R1-1907948


In this contribution, the procedure for 2-step RACH is discussed.

2. Discussion
2.1. Selection of 2-step RACH or 4-step RACH
4-step RACH should be available regardless of 2-step RACH configuration since it is necessary at least for fallback. Thus, NW should be able to configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB, i.e., at the cell level. Additionally, in the case where 2-step RACH is available, the selection of 2-step RACH or 4-step RACH by configured criteria based on radio quality is beneficial. The reason is that some operators may design 2-step RACH for UEs having high channel quality and/or small timing advance depending on network deployment, gNB implementation, use cases and so on. Since MsgA PUSCH can be used for transmission of larger payload than Msg3 payload, higher channel quality may be desired depending on the use cases for 2-step RACH. Also, according to the WID, no new CP length will be introduced for the MsgA PUSCH. In other words, if the distance between gNB and UE is longer than the value calculated by Rel-15 PUSCH CP duration, additional gNB implementation would be necessary and in that case, the required SINR may be higher and the assumed timing advance may be limited depending on gNB implementation. The applicable case is quite limited if 2-step RACH can be used only in the cell with the cell radius less than the value calculated by Rel-15 PUSCH CP duration. Thus, the selection of 2-step RACH or 4-step RACH by configured criteria based on radio quality, e.g., RSRP, should be supported.

Proposal 1: NW can configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB.
Proposal 2: The selection of 2-step RACH or 4-step RACH by configured criteria based on radio quality, e.g., RSRP, should be supported.
2.2. Fallback to 4-step RACH
According to the WID, the fallback procedure from 2-step RACH to 4-step RACH will be introduced. Following conditions of the fallback to 4-step RACH should be considered:
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is failed
· When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions
· When radio quality goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))
First condition is the case where gNB can receive only MsgA preamble successfully. The preamble retransmission is not needed and UE can start Msg3 transmission after fallback to 4-step RACH. Second condition is the case where the number of MsgA transmissions exceeds the configured threshold due to collision. Collision probability for MsgA preamble may be high if resources for 2-step RACH is more congested than that for 4-step RACH. In that case, it is beneficial to fall back to 4-step RACH. If UE falls back to 4-step RACH always after first MsgA transmission, it would not be appropriate behaviour considering the case that collision accidentally happens. Thus, based on a reasonable threshold, UE should fall back to 4-step RACH. Regarding third condition, for selection of 2-step RACH or 4-step RACH at the beginning of random access, radio quality criteria can be considered as in proposal 2 so that sufficient channel quality for 2-step RACH can be ensured. In that case, if the radio quality, e.g., RSRP, goes below the configured threshold after the MsgA (re)transmission(s), falling back to 4-step RACH should be considered.

Proposal 3: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is failed
· When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions
· When radio quality, e.g., RSRP, goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))

RAN2 LS [2] ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same, in order to determine whether the UE can fall back to 4-step RACH after certain time. This is related to fallback condition of “When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions” in Proposal 3. Threshold based fallback to 4-step RACH is beneficial considering load balancing between 2-step RACH and 4-step RACH in order to reduce collision probability of preamble. At least initial access UE would be indicated 2-step RACH via SIB, and hence load balancing by gNB cannot be performed initially. Even if radio quality criteria is introduced, it is not appropriate in terms of load balancing. Thus, if such fallback is not introduced and UE continues 2-step RACH retransmission, high load in 2-step RACH cannot be resolved. 

Proposal 4: The preamble transmission performance for 2-step RACH and 4-step RACH could be  different in terms of collision probability due to different loads.

When UE transmits Msg3 after MsgA transmission as fallback to 4-step RACH, it should be considered whether the Msg3 is same as the previous transmitted MsgA PUSCH or not. If the message is same and is retransmitted, HARQ combining can be considered. If the message can be different, the Msg3 should be transmitted as first transmission. Since the benefit of HARQ combining depends on the result of MsgA PUSCH reception, it may be beneficial that gNB can indicate whether same message as in MsgA PUSCH shall be sent in Msg3 as fallback to 4-step RACH or not e.g., via MsgB indicating MsgA preamble reception is successful and MsgA PUSCH reception is failed.

Proposal 5: gNB can indicate whether same message as in MsgA PUSCH shall be sent in Msg3 as fallback to 4-step RACH or not.

2.3. MsgB window
For 4-step RACH in Rel-15, TS 38.213 describes following: “The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Subclause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Subclause 10.1.” 
On the other hand, for 2-step RACH, MsgA contains the preamble and PUSCH, and at the previous meeting, some options of the start timing of the MsgB window were discussed. Also, RAN2 agreed that “The start of the msgB reception window is after the PUSCH transmission opportunity of msgA,” and “From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay)”. Hence, with similar principle as 4-step RACH, MsgA response window should start at the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB, that is at least one symbol after the end of MsgA PUSCH.

Proposal 6: MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB, that is at least one symbol after the end of MsgA PUSCH.

2.4. Timing advance
The TA granularity in MsgB was discussed. It should be natural that the same principle as 4-step RACH is applied. For 4-step RACH, TA granularity in Msg2 is based on the SCS of the first uplink transmission after Msg2. For 2-step RACH, TA granularity in MsgB should be based on the SCS of the first uplink transmission after MsgB. The ambiguous case is MsgA PUSCH retransmission and Msg3 as fallback to 4-step RACH. In the case of MsgA PUSCH retransmission, assuming timing advance is not applied to this case, the first uplink transmission does not include MsgA PUSCH retransmission. On the other hand, in the case of Msg3 as fallback to 4-step RACH, assuming timing advance is applied similarly as 4-step RACH, the first uplink transmission includes the Msg3.

Proposal 7: TA granularity in MsgB should be based on the SCS of the first uplink transmission after MsgB.
· The first uplink transmission includes Msg3 as fallback to 4-step RACH, and does not include MsgA PUSCH retransmission.

2.5. Power ramping
Power ramping behavior after fallback to 4-step RACH needs to be determined. Basically, the success probability of preamble reception in 4-step RACH after fallback should be higher than that in 2-step RACH before, in order to mitigate maximum RACH latency. If the preamble for 2-step RACH fails by lack of the transmission power, the preamble for 4-step RACH is likely to fail in the same transmission power as well. Thus, the power ramping counter should be common between 2-step RACH and 4-step RACH.

Proposal 8: The power ramping counter should be common between 2-step RACH and 4-step RACH.

3. Conclusion
In this contribution, procedure for 2-step RACH was discussed. Based on the discussion, the following proposals were made:

Proposal 1: NW can configure only 4-step RACH or both 4-step RACH and 2-step RACH by SIB.
Proposal 2: The selection of 2-step RACH or 4-step RACH by configured criteria based on radio quality, e.g., RSRP, should be supported.
Proposal 3: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is failed
· When the number of MsgA transmissions exceeds the configured threshold of the maximum number of MsgA transmissions
· When radio quality, e.g., RSRP, goes below the configured criteria for the selection of 2-step RACH (even after MsgA (re)transmission(s))
Proposal 4: The preamble transmission performance for 2-step RACH and 4-step RACH could be  different in terms of collision probability due to different loads.
Proposal 5: gNB can indicate whether same message as in MsgA PUSCH shall be sent in Msg3 as fallback to 4-step RACH or not.
Proposal 6: MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgB, that is at least one symbol after the end of MsgA PUSCH.
Proposal 7: TA granularity in MsgB should be based on the SCS of the first uplink transmission after MsgB.
· The first uplink transmission includes Msg3 as fallback to 4-step RACH, and does not include MsgA PUSCH retransmission.

Proposal 8: The power ramping counter should be common between 2-step RACH and 4-step RACH.
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