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At the RAN1#100b-e meeting, the following agreements were made for two-step RACH [1]:
Agreements:
· For unpaired spectrum, if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if it does not precede a SS/PBCH block in the PUSCH slot and at least Ngap symbols after a last SS/PBCH block symbol, where Ngap is provided in Table 8.1-2.
· FL to update TP#1 in the appendix based on the inputs to this meeting.
Agreements:
· Observation: The RO validation rule defined in TS 38.213 section 8.1 and the rule for “PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions” apply to the RACH occasions configured by both 4-step RACH and 2-step RACH.
· Discuss further in this meeting if a TP is needed in TS 38.213 section 8.1, to clarify that the RACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not mapped to PUSCH occasions
Agreements:
· Observation: The UE behavior of PUSCH/PUCCH conflicting with slot format defined in TS 38.213 section 11.1 applies to MsgA PUSCH, the PUSCH scheduled by a fallback RAR UL grant, and the PUCCH scheduled by a successRAR.
· Discuss further in this meeting, if a TP is needed to align the terminology “PUSCH scheduled by RAR/fallbackRAR UL grant and PUCCH scheduled by a successRAR” in 38.213 and 38.214.
Agreements:
· If MsgA PRACH transmission is cancelled, the UE shall also cancel the MsgA PUSCH transmission associated with the PRACH.
· Further check whether the partial PRACH transmission is allowed and the potential impact;
· Continue the discussion in this meeting based on the TP#1b in the appendix with potential updates 
In the contribution, we discuss remaining details of channel structure for 2-step RACH, with primary focus on PRACH validation rule, alignment of terminology for RAR, and collision handling between MsgA PUSCH and other uplink channels/signals. Our view on remaining details of 2-step RACH related procedure is described in our companion contribution [2].
PRACH validation rule
In Rel-15, after applying SSB and PRACH association rule, left-over PRACH occasions are not used for PRACH transmission. More specifically, it was mentioned in TS38.213 that “PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions” [3]. 
However, these PRACH occasions are not specified as “invalid PRACH occasions”. If following current agreements for 2-step RACH, these PRACH occasions are still used to associate with PUSCH occasions and to determine the mapping ratio between PRACH preamble and PRU. This is not reasonable given the fact that these left-over PRACH occasions are not used for PRACH transmission and PUSCH cannot be transmitted in the associated PUSCH occasions. Hence, in our view, these left-over PRACH occasions which are not associated with SSB, are not mapped to PUSCH occasions, or not considered as valid PRACH occasions. 
Further, to avoid the iterative procedure for SSB to RO association, the following procedure can be considered for 2-step RACH: 
· Configuration of PRACH occasions and PUSCH occasions.
· RO validation based on TDD DL/UL configuration and SSB position
· SSB to RO association 
· RO validation for the left-over ROs after SSB to RO association
· Preamble to PRU mapping and determination of mapping ratio
Based on the discussion above, it is suggested to add “RACH occasions are not considered as valid PRACH occasions” for 2-step RACH in Section 8.1 in TS38.213 [3]. More specifically, the corresponding text proposal is listed as follows:
	<Unchanged Text Omitted>
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to [image: ] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions or PRACH preambles. The set of PRACH occasions are not considered as valid PRACH occasions for Type-2 random access procedure. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions. The PRACH occasions are not considered as valid PRACH occasions for Type-2 random access procedure.
<Unchanged Text Omitted>


Proposal 1
· PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not considered as valid PRACH occasions.
· Adopt the TP in Section 2 for PRACH validation rule. 

Alignment of terminology for RAR
At the RAN1#100b-e meeting, it was agreed as observation that the UE behaviour of PUSCH/PUCCH conflicting with slot format defined in TS 38.213 section 11.1 applies to MsgA PUSCH, the PUSCH scheduled by a fallback RAR UL grant, and the PUCCH scheduled by a successRAR. However, the terminology of RAR is not aligned between TS38.213 and TS38.214. 
To make the specification clear, it is more desirable to follow the terminology for RAR as defined in TS38.214. More specifically, it is suggested to update “RAR UL grant” to “RAR UL grant, fallbackRAR UL grant, or successRAR” in Section 11.1 in TS38.213 [3]. The corresponding text proposal in Section 11.1 in TS38.213 is listed as follows:
	<Unchanged Text Omitted>
If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, or a RAR UL grant, fallbackRAR UL grant, or successRAR
<Unchanged Text Omitted>



	<Unchanged Text Omitted>
For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols in the slot as downlink and to detect a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
<Unchanged Text Omitted>



	<Unchanged Text Omitted>
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	if one or more symbols from the set of symbols are symbols in a CORESET configured to the UE for PDCCH monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0 indicates that the one or more symbols are downlink symbols
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives PDSCH or CSI-RS in the set of symbols of the slot
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format , or a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE transmits the PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot
-	if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible, and the UE does not detect a DCI format indicating to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI format, or a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE does not transmit or receive in the set of symbols of the slot
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink
-	if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the DL PRS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink or flexible.
-	if the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as uplink
-	if the UE is configured by higher layers to transmit SRS in the set of symbols of the slot, the UE transmits the SRS only in a subset of symbols from the set of symbols of the slot indicated as uplink symbols by an SFI-index field value in DCI format 2_0
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink and also detect a DCI format, or a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or more symbols from the set of symbols of the slot
<Unchanged Text Omitted>



	<Unchanged Text Omitted>
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, or a RAR UL grant, fallbackRAR UL grant, or successRAR
-	the UE receives PDCCH as described in Clause 10.1
<Unchanged Text Omitted>



Proposal 2
· Adopt the TP in Section 3 for alignment of RAR terminology. 

Collision handling between MsgA PUSCH and other uplink channels/signals
In Rel-15, for single cell or intra-band CA scenario, UE does not transmit both PRACH and PUSCH/PUCCH/SRS in a same slot or the gap between these two channels/signals is less than a certain threshold. Note that this mechanism can be straightforwardly extended for MsgA PRACH. 
At the RAN1#99 meeting, it was agreed that the timing for MsgA PRACH and PUSCH transmission should be both assumed as NTA = 0 [4]. Considering the case when TA of 0 is applied for the MsgA PUSCH transmission and actual TA is applied for PUSCH/PUCCH/SRS, it is expected that UE cannot transmit both channels/signals simultaneously for a single cell or intra-band CA scenario. For instance, as agreed in the RAN1#98bis meeting, aperiodic CSI report is not included in MsgA [5]. To avoid excessive receiver complexity, same mechanism can be applied for other UCI including HARQ-ACK feedback. In this regard, when MsgA PUSCH and PUCCH are in a same slot, only one of the channels can be transmitted. 
To address this issue, certain priority ordering may need to be defined for MsgA PUSCH and other uplink channels/signals. In particular, several cases can be considered as follows:
· Case 1: MsgA PUSCH overlaps with uplink transmission which is dynamically scheduled or HARQ-ACK feedback, including DG-PUSCH, A-SRS, and PUCCH carrying HARQ-ACK information:
· For this case, it is more desirable to treat dynamically scheduled uplink transmission and HARQ-ACK feedback with higher priority, i.e., MsgA PUSCH is dropped when overlapping with dynamically scheduled uplink transmission and HARQ-ACK feedback, as shown in Figure 1. This is primarily due to the fact that gNB may schedule the uplink transmission with more urgent traffic, e.g., for URLLC application in the slot when MsgA PUSCH is configured. 
· Similarly, for PUCCH carrying critical information, i.e., HARQ-ACK feedback of DL transmission, as there is no retransmission mechanism for PUCCH, it is more preferable to drop MsgA PUSCH for 2-step RACH. In any case, when gNB successfully detects MsgA PRACH, it can initiate fallback procedure and switch 2-step RACH to 4-step RACH.

[image: ]
[bookmark: _Ref40344930]Figure 1. Handling collision between MsgA PUSCH and dynamic scheduling based channels/signals

· Case 2: MsgA PUSCH overlaps with uplink transmission which is configured or semi-persistent scheduled, including CG-PUSCH, P/SP-SRS, PUCCH carrying CSI report and SR
· For this case, it depends on specific scenario or use case to handle the collision of MsgA PUSCH and configured or SPS based uplink transmission. For instance, when MsgA PUSCH and CG-PUSCH with shorter periodicity are in a same slot, it is more appropriate to cancel MsgA PUSCH transmission as CG-PUSCH may be targeted for URLLC application. On the contrary, when MsgA PUSCH and PUCCH carrying CSI report overlap in time, UE may drop the CSI report and transmit it in the next opportunity. 
· Hence, in our view, it may be up to UE implementation to handle the collision between MsgA PUSCH and uplink transmission which is configured or semi-persistent scheduled. 
 
The corresponding text proposal in Section 8.1A in TS38.213 is listed as follows:
	<Unchanged Text Omitted>
[bookmark: _GoBack]For single cell operation or for operation with carrier aggregation in a same frequency band, a UE is expected to only transmit aperiodic SRS, PUSCH scheduled by DCI format, or PUCCH with HARQ-ACK information if the msgA PUSCH and aperiodic SRS, PUSCH scheduled by DCI format, or PUCCH with HARQ-ACK information in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of an aperiodic SRS, PUSCH scheduled by DCI or PUCCH with HARQ-ACK information in a second slot, where for or ,  for  or , and  is the SCS configuration for the active UL BWP. 

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit both msgA PUSCH and periodic or semi-persistent SRS, PUSCH configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, or PUCCH with CSI report or SR in a same slot or when a gap between the first or last symbol of a msgA PUSCH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a periodic or semi-persistent SRS, PUSCH configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, or PUCCH with CSI report or SR transmission in a second slot. 

<Unchanged Text Omitted>



Proposal 3
· For single cell or intra-band CA scenario, when MsgA PUSCH and PUCCH/PUSCH/SRS are in a same slot or the gap between MsgA PUSCH and PUCCH/PUSCH/SRS is less than N symbols
· MsgA PUSCH is dropped when colliding with dynamically scheduled uplink transmission or HARQ-ACK feedback.
· It is up to UE implementation to handle collision between MsgA PUSCH and uplink transmission which is configured or semi-persistent scheduled. 
· Adopt the TP in Section 4 for collision handling between MsgA PUSCH and other uplink channels/signals.

Conclusions
In this contribution, we discussed remaining details of channel structure for 2-step RACH, with primary focus on collision handling between PUCCH and MsgA PUSCH and invalid PRACH occasion. Further, we summarize the proposals as follows:
Proposal 1
· PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not considered as valid PRACH occasions.
· Adopt the TP in Section 2 for PRACH validation rule. 
Proposal 2
· Adopt the TP in Section 3 for alignment of RAR terminology. 
Proposal 3
· For single cell or intra-band CA scenario, when MsgA PUSCH and PUCCH/PUSCH/SRS are in a same slot or the gap between MsgA PUSCH and PUCCH/PUSCH/SRS is less than N symbols
· MsgA PUSCH is dropped when colliding with dynamically scheduled uplink transmission or HARQ-ACK feedback.
· It is up to UE implementation to handle collision between MsgA PUSCH and uplink transmission which is configured or semi-persistent scheduled. 
· Adopt the TP in Section 4 for collision handling between MsgA PUSCH and other uplink channels/signals.
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