Page 1
3GPP TSG RAN WG1 #98bis                                                                                      R1-1910635
Chongqing, China, October 14th – 20th, 2019

Source: 	Intel Corporation
Title:	Discussion on procedure for 2-step RACH
Agenda item:	7.2.1.2
Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
At the RAN1#98 meeting, the following agreements and conclusion were made regarding procedures for 2-step RACH [1]:
Agreements:
· The offline agreement 5.2.1 in R1-1909726 is agreed
Agreements:
· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.
Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded
In the contribution, we discuss procedure for 2-step RACH, with primary focus on power control of MsgA PUSCH, and MsgA and MsgB related procedure. Our view on channel structure of MsgA PUSCH is presented in our companion contribution [2].
Power control of MsgA PUSCH
At the RAN1#97 meeting, transmission power control mechanism of MsgA PUSCH was agreed [3]. In addition, three alternatives were considered for power ramping component in the transmission power equation:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
· 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
· 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
· 

For the retransmission of MsgA in 2-step RACH, both MsgA PRACH and PUSCH are retransmitted. Note that a balanced performance between MsgA PRACH detection and PUSCH decoding at gNB receiver can be achieved by configuring an appropriate power offset and applying a same Tx beam for MsgA PRACH and PUSCH. From system operation perspective, it may not be reasonable to assume the link level performance of one channel is much better than that of another channel, which would not be desirable in term of coverage imbalance between these two channels. In this regards, a same ramping step size and counter may be employed for both MsgA PRACH and PUSCH so as to maintain a balanced performance. 
For 2-step RACH, gNB may successfully detect PRACH preamble, but fail to decode PUSCH. In this case, gNB may switch to conventional 4-step RACH procedure and inform decision to the UE. For this fall back mechanism, UE may reuse the power ramping up for PRACH transmission for 4-step RACH from the MsgA PRACH in previous 2-step RACH. This may help in maintaining decent performance for PRACH detection after switching from 2-step to 4-step RACH. In other words, it is more desirable to consider the same power ramping counter for MsgA PRACH in 2-step RACH and PRACH in 4-step RACH. 
Proposal 1
· For transmission power of MsgA PUSCH in 2-step RACH,
· Same ramping step size and counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 


Note that for DC or CA, a UE may transmit multiple uplink signals from different CCs. In case when total transmission power for those uplink signals exceeds the total transmission power, UE may apply power reduction according to certain priority order to ensure that the total transmission power is less than or equal to maximum transmission power. In particular, PRACH transmission on the PCell is defined as the highest priority among all uplink signals. For 2-step RACH, same mechanism can be applied for the transmission of MsgA PUSCH when UE performs the transmission power reduction, i.e., MsgA PUSCH should have same priority as associated PRACH.
Proposal 2
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  

MsgA related procedure
Selection of MsgA PUSCH configurations
During the Email discussion, it was agreed that for RRC_INACTIVE/IDLE/CONNECTED state, at least support up to two MsgA PUSCH configurations for 2-step RACH. Further, for RRC_INACTIVE/IDLE state, when two MsgA PUSCH configurations are configured, different preamble groups are used to indicate different configurations. Given that one MsgA PUSCH configuration may be associated with one specific MCS or TBS, different MsgA PUSCH configurations can be utilized to target for different applications and use cases. 
It should be noted that the required coverage status for MsgA PUSCHs carrying payload with different sizes can be substantially different. As presented in our companion contribution, it can be observed that MCL difference for MsgA PUSCH carrying 56 and 480 bits payload is ~8dB [4]. This indicates that for cell edge UEs with poor coverage, it may not be reasonable to select an MsgA PUSCH configuration which is associated with a large TBS. 
Towards this direction, for cell edge UE, it may be more desirable to assign MsgA PUSCH with small number of PRBs and MsgA PUSCH can be used to carry relatively small payload size due to the coverage limitation. On the other hand, for cell center UE with good channel condition, it may be possible for MsgA PUSCH to carry relatively large payload for 2-step RACH, e.g., user data packet. 
Hence, similar to Group A and B for conventional 4-step RACH procedure, channel quality based criterion can be considered in order for an UE to select an appropriate MsgA PUSCH configuration with one MCS or TBS. This can also be helpful to provide finer control on the amount of UEs who trigger 2-step RACH procedure with different MCSs or TBSs. 
Proposal 3
· Channel quality based criterion is used to select different MsgA PUSCH configurations. 

Tx beam selection
At the RAN1#96bis meeting, several options were identified for MsgA Tx beam selection as follows [5]:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
Among these options, option 3 may not work for RRC_IDLE mode UEs as gNB may not be able to control the Tx beam of MsgA PRACH and PUSCH. For option 2, when MsgA PRACH and PUSCH are transmitted continuously in a same slot, it may not be possible for UE to switch Tx beam in between due to beam switching time. Further, as mentioned above, under certain scenarios when PUSCH is located within associated PRACH transmission bandwidth, coherent decoding using PRACH based channel estimation is more desirable in order to support many to one mapping between preamble and PUSCH resource unit. Towards this end, same Tx beam for the transmission of PRACH preamble and MsgA PUSCH is needed to enable coherent decoding. 
When using a same Tx beam, PRACH and associated MsgA PUSCH in the first step of 2-step RACH are associated with a same SSB or CSI-RS resource if configured. For instance, for initial access, gNB can apply the same beam for PRACH detection and MsgA PUSCH decoding. 
Proposal 4
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 

UCI on MsgA PUSCH
For UEs in RRC_CONNECTED modes, when MsgA PUSCH overlaps with PUCCH carrying HARQ-ACK or CSI report in a PUCCH group, it may be desirable to piggyback UCI on MsgA PUSCH. However, this may also depend on whether the resource allocated for MsgA PUSCH is sufficient. For certain MsgA PUSCH occasion with relatively limited resource, UCI may not be multiplexed on MsgA PUSCH. Hence, an indication on whether UCI can be piggybacked on PUSCH can be configured per MsgA PUSCH configuration. 
Further, as presented in our companion contribution, more than 2 MsgA PUSCH configurations can be supported for RRC_CONNECTED state to accommodate the transmission of UP data in MsgA PUSCH [2]. In this case, using PRACH resource partitioning may introduce adverse impact on the legacy 4-step RACH operations due to limited PRACH resources. To address this issue, it may be desirable to embed UCI on MsgA PUSCH transmission, where the UCI may be used to indicate the MCS or TBS of corresponding MsgA PUSCH transmission. This design approach can also be future proof, e.g., for small data transmission in RRC_INACTIVE mode.
Proposal 5
· UCI on MsgA PUSCH is supported.

MsgB related procedure
Differentiation of Msg2 and MsgB
As agreed in the RAN1#96bis meeting, Option 1 (separate ROs) and Option 2 (shared RO but separate preambles) are supported for the relation of PRACH resources between 2-step and 4-step RACH [5], which allows gNB to identify whether the PRACH preamble is targeted for 2-step or 4-step RACH. 
When separate ROs are configured for 2-step and 4-step RACH, RA-RNTI may be utilized to allow UE to differentiate whether the subsequent message is targeted for MsgB for 2-step and RAR for 4-step RACH, if the existing RA-RNTI calculation is reused for 2-step RACH. However, this approach may have some issues in case when shared RO is used for 2-step and 4-step RACH. 
To differentiate MsgB for 2-step RACH and Msg2 for 4-step RACH, the following options can be considered: 
· Option 1: reinterpretation of reserved field in DCI format 1_0 for scheduling RAR
· Option 2: a dedicated RA-RNTI for 2-step RACH
· Option 3: a dedicated CORESET or search space set for PDCCH monitoring for scheduling MsgB for 2-step RACH
Among these options, in the Option 1, a reserved bit in DCI can be reinterpreted to indicate whether corresponding message is intended for 2-step or 4-step RACH. This approach, however, may introduce adverse impact on the operation of legacy system. For instance, when shared RO is configured for 2-step and 4-step RACH, legacy UEs may ignore the reserved bits in the DCI format 1_0 scrambled with RA-RNTI and continue to read the MsgB which is targeted for UEs initiating 2-step RACH procedure. Given the fact that the content of MsgB cannot be understood by legacy UEs, this option would introduce ambiguity on legacy UEs. 
For Option 2, a dedicated RA-RNTI for 2-step RACH can allow UE to differentiate RAR for 4-step and MsgB for 2-step RACH. However, as the RNTI values are limited, this option may introduce adverse impact on the system operation. For instance, if similar equation for 4-step RACH is specified for the calculation of RNTI for 2-step RACH, the RNTI space for both 2-step and 4-step RACH is doubled. In this case, gNB may not have sufficient values to allocate for other RNTIs, e.g., C-RNTI, CS-RNTI, etc. 
For Option 3, a dedicated CORESET configured only for 2-step RACH may not be desirable given that the number of CORESETs is limited. It may be more appropriate to define and configure a separate search space set for PDCCH monitoring on scheduling MsgB for 2-step RACH. In order for proper operation and to avoid ambiguity on PDCCH blind decoding at UE receiver, gNB may need to ensure search spaces for PDCCH scheduling RAR for 4-step and MsgB for 2-step RACH are non-overlapping, especially when shared RO is used for 2-step and 4-step RACH.
Proposal 6
· To differentiate Msg2 for 4-step and MsgB for 2-step RACH, a dedicated search space set for PDCCH monitoring for scheduling MsgB can be configured.

HARQ-ACK response of MsgB
As agreed in RAN2#107, HARQ feedback for msgB would be needed from RAN2 point of view [6]. For UE in RRC_CONNECTED mode, when MsgA includes C-RNTI, MsgB is scheduled by PDCCH which is addressed to C-RNTI. In this case, HARQ-ACK feedback mechanism and corresponding PUCCH resource determination can follow Rel-15 NR behaviour, i.e., ACK or NACK can be carried by a PUCCH resource, which is determined according to starting CCE index and PRI in the last DCI from a dedicated PUCCH resource set.   
[bookmark: _GoBack]For MsgA with CCCH, MsgB can be targeted to a group of UEs, which may include one or more successRAR and/or fallbackRAR. For UE who receives successRAR in MsgB with matched contention resolution ID, it needs to provide HARQ-ACK feedback. However, for UE who receives fallbackRAR in MsgB, UE does not need to provide HARQ-ACK feedback given that Msg3 transmission is scheduled by UL grant in fallbackRAR, which can be viewed as one type of acknowledgement. 
In Rel-15, for 4-step RACH, PUCCH resource carrying HARQ-ACK feedback of Msg4 is determined by starting CCE index and PRI in the DCI from a PUCCH resource set, which is configured by pucch-ResourceCommon. In particular, a PUCCH resource index (), which is derived from the starting CCE index and PRI is used to determine a PUCCH resource from the 16 resources. 
For MsgA with CCCH, and for UE who receives successRAR in MsgB with matched contention resolution ID, as described in the Email discussion, several options can be considered for PUCCH resource determination when carrying HARQ-ACK response of MsgB: 
· Option 1: PUCCH resource for each UE is explicitly indicated in the DCI for scheduling MsgB
· Option 2: PUCCH resource for each UE is explicitly indicated in the MsgB PDSCH
· Option 3: PUCCH resource for first UE is explicitly indicated and PUCCH resources for other UEs are implicitly derived. 
Among these options, Option 1 may not be appropriate given the fact that the size of fallback DCI for scheduling MsgB is limited. Further, if the number of successRAR multiplexed in MsgB is large, the size of DCI format due to explicit indication of PUCCH resources for all UEs with successRAR may be increased substantially. This may not be desirable due to potential DCI size match issue and extra PDCCH blind decoding.
As mentioned above, only for UE who receives successRAR in MsgB with matched contention resolution ID, it needs to provide ACK feedback of MsgB. For UE who receives fallbackRAR in MsgB, UE does not need to provide HARQ-ACK feedback. In this regard, this is more desirable to indicate PUCCH resource explicitly in the successRAR only, which is similar to UL grant in fallbackRAR which can be used for MsgB response. Further, when MsgA contains CCCH, most likely 12 bits TA command, 48 bits UE contention resolution ID will be included in MsgB. In our view, including 4 bits PUCCH resource index  would not substantially increase payload size of successRAR with/without RRC message. Meanwhile, it can provide maximal flexibility on the PUCCH resource indication from system perspective. For instance, compared to the option using 3 bits PRI in the MsgB PDSCH, this option can support up to 16 successRAR in MsgB and provide corresponding PUCCH resources for carrying HARQ-ACK feedback. 
For Option 3, although it may help save signalling overhead, implicit rule may need to be carefully designed in order to avoid PUCCH resource collision, especially when considering the coexistence of 4-step RACH in the system. More specifically, without careful design of the implicit rule, PUCCH resource HARQ-ACK feedback for Msg4 in 4-step RACH may collide with that for MsgB in 2-step RACH, which would introduce negative impact on legacy system. 
Proposal 7
· For MsgB scheduled by PDCCH which is addressed to C-RNTI, HARQ-ACK feedback mechanism and corresponding PUCCH resource determination follow Rel-15 NR behavior.
· For MsgA with CCCH, for UE who receives successRAR in MsgB with matched contention resolution ID, PUCCH resource index  for each UE is explicitly indicated in successRAR to indicate PUCCH resource for HARQ-ACK feedback.

Conclusions
In this contribution, we discussed the procedure for 2-step RACH, with primary focus on power control of MsgA PUSCH, and MsgA and MsgB related procedure. Further, we summarize the proposals as follows:
Proposal 1
· For transmission power of MsgA PUSCH in 2-step RACH,
· Same ramping step size and counter is applied for MsgA PRACH and PUSCH. 
· Same power ramping counter is applied for 2-step and 4-step RACH. 
Proposal 2
· MsgA PUSCH has same priority as associated PRACH for transmission power reduction.  
Proposal 3
· Channel quality based criterion is used to select different MsgA PUSCH configurations. 
Proposal 4
· Same Tx beam is applied for transmission of PRACH preamble and associated MsgA PUSCH. 
Proposal 5
· UCI on MsgA PUSCH is supported.
Proposal 6
· To differentiate Msg2 for 4-step and MsgB for 2-step RACH, a dedicated search space set for PDCCH monitoring for scheduling MsgB can be configured.
Proposal 7
· For MsgB scheduled by PDCCH scrambled with C-RNTI, HARQ-ACK feedback mechanism and corresponding PUCCH resource determination follow Rel-15 NR behavior.
· For MsgA with CCCH, for UE who receives successRAR in MsgB with matched contention resolution ID, PUCCH resource index  for each UE is explicitly indicated in successRAR to indicate PUCCH resource for HARQ-ACK feedback.
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