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At the RAN1#92bis meeting, remaining issues regarding RACH procedure were discussed and RAN1 made a number of agreements [1]. In this contribution, we discuss on remaining issues regarding the details of PDCCH order RACH, search space for random access, QCL assumption and SSB to RO mapping.

2. PDCCH order RACH
At the previous meeting, PDCCH order CFRA was discussed and agreed as following.
	Agreements:
· UE assumes that the DMRS of both the received PDCCH order and the PDCCH of the corresponding Msg2 are QCLed with the same SSB/CSI-RS.
· gNB configures 9 bits to indicate RACH occasion index.
· 6 bits are used to indicate an SSB index
· Note: This SSB index is just intended to find the RACH occasion to transmit Msg1
· 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index
· Note: UE follows the SSB  CBRA mapping rule to find the specific RACH occasion.
· The SSB/CSI-RS that is QCLed with both the DM-RS of PDCCH order and the DM-RS of the PDCCH of the corresponding Msg2 is used for pathloss estimation associated with Msg1.



According to “ssb-perRACH-Occasion”, one SSB can be mapped to at most 8 ROs, and indication of relative RO index for each SSB can be realized by using 3 bits as previous agreements. Indexing order between time and frequency location of ROs needs to be determined. We propose that indexing order for indication of relative time/frequency location of ROs for each SSB is frequency first and then time, as shown in example in Figure 1.

Proposal 1: For PDCCH order RACH, indexing order for 3 bits indication of relative time/frequency location of ROs for each SSB is
-		first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions,
-		second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot,
-		third, in increasing order of indexes for PRACH slots.

[image: ]
Figure.1: indexing order for indication of relative time/frequency location of ROs for each SSB

3. Search space for Msg2/3/4
At the last meeting, the issue on default RA-search space, i.e., Type1-PDCCH C-SS (common search space), in current specification, which is same as Type0-PDCCH C-SS, was discussed in offline as following [2]. The periodicity of Type0-PDCCH C-SS is 20ms or same as SSB periodicity, and for current default RA-search space UE cannot distinguish each ROs by RA-RNTI.
	Offline conclusion:
· In next meeting, RAN1 discusses whether or not to design a new default search space for Msg 2/3/4. 

· Following alternatives are considered while re-designing default search space of Msg 2/3/4:
· Alt A: Use symbol 0 : (X-1) in every slot within the window
· X is determined based on duration of Msg 2/3/4 CORESET

· Alt B: Use first symbol index symbol locations within a slot from RMSI search space, configured in MIB, but apply it in every slot
· In case there are multiple search spaces sets in a slot, (corresponding to different SSBs), a UE monitors only one is monitored
· FFS: Which one
· Alt 1: The search space set associated with SSB used for corresponding Msg1 transmission
· Alt 2: The search space with the smallest first symbol index within a slot
· Alt 3: search space depends on RA-RNTI
· Other alternatives are not precluded.
· How to handle the scenario when a search space overlaps in time with an actually transmitted SSB other than the SSB used for corresponding Msg1 transmission
· If a search space overlaps in time with UL part, the search space in that particular slot is invalid



Also, in email discussion after RAN1#92bis, the issues on PDCCH C-SS configurations including RA-search space were discussed, and the LS to RAN2 was agreed [3]. The LS mentions the issues that Type0-PDCCH C-SS cannot be realized by current search space configuration signaling, and then search space signaling design may be revised by RAN2 such that the signaling becomes flexible enough to realize Type0-PDCCH C-SS. Then, assuming the new search space signaling will be flexible enough so that any alternative for default RA-search space discussed in RAN1 can be realized [4], the default RA-search space definition seems not needed. Thus, from RAN1 perspective, UE is always expected to configure RA-search space.

Proposal 2: Adopt the following TP in TS 38.213.
	10.1	UE procedure for determining physical downlink control channel assignment
(Unchanged parts omitted)
If a UE is not provided higher layer parameter pagingSearchSpace for Type2-PDCCH common search space set, the association between PDCCH monitoring occasions for Type2-PDCCH common search space set and the SS/PBCH block index are same as the association of PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
ra-SearchSpace for Type1-PDCCH common search space set, the control resource set and the association between PDCCH monitoring occasions for Type1-PDCCH common search space set and the SS/PBCH block index are same as the control resource set and the association of PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
-RS antenna port associated with PDCCH receptions in the control resource set configured by pdcch-ConfigSIB1 in MasterInformationBlock and for corresponding PDSCH receptions, and the DM-RS antenna port associated with a corresponding SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. A subcarrier spacing is provided by higher layer parameter subCarrierSpacingCommon in MasterInformationBlock.
 (Unchanged parts omitted)



4. QCL assumption during RA procedure
For PDCCH order CFRA, it was agreed that UE assumes that both the received PDCCH order and the PDCCH of the corresponding Msg2 have same DM-RS antenna port quasi co-location properties with the SSB/CSI-RS. On the other hand, for PDCCH order CBRA, since UE can select SSB/CSI-RS, UE should assume same QCL as the selected SSB/CSI-RS. Thus, the cases for QCL assumption should be separated into PDCCH order CFRA and the other cases. Also, as for the cases except for PDCCH order CFRA, the wording of “a detected SS/PBCH block or a received CSI-RS” in TS 38.213 is not clear, which is inconsistent with the description in TS 38.214. Therefore, we propose the following TPs.

Proposal 3: Adopt the following TP in TS 38.213.
	8.2	Random access response
 (Unchanged parts omitted)
A UE receives the PDCCH with DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI and the corresponding PDSCH that includes the DL-SCH transport block with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for a detected SS/PBCH block or a received CSI-RS the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. If the UE attempts to detect the PDCCH with the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order which triggers non-contention based random access procedure, the UE assumes that the PDCCH and the PDCCH order have same DM-RS antenna port quasi co-location properties.
 (Unchanged parts omitted)



Proposal 4: Adopt the following TP in TS 38.214.
	5	Physical downlink shared channel related procedures
5.1	UE procedure for receiving the physical downlink shared channel
(Unchanged parts omitted)
When receiving PDSCH for Random Access Response (RAR) the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable. When receiving a RAR triggered by a PDCCH order which triggers non-contention based random access procedure, the UE may assume that the DM-RS port of the received PDCCH order and the PDSCH of the corresponding RAR are quasi co-located with the same SS/PBCH block or CSI-RS with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
 (Unchanged parts omitted)




Regarding Section 7.4 in TS 38.213, the description of reference signal power needs to be also separated into PDCCH order CFRA and PDCCH order CBRA. In addition, for handover case that is not PDCCH order CFRA, CSI-RS can also be used for PRACH transmission and path-loss estimation, and the specification should cover the CSI-RS based RACH for handover case.

Proposal 5: Adopt the following TP in TS 38.213.
	7.4	Physical random access channel
 (Unchanged parts omitted)
If the PRACH transmission from the UE is not in response to a detection of a PDCCH order by the UE which triggers non-contention based random access procedure, referenceSignalPower is provided by ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, is obtained by higher layer parameter powerControlOffsetSS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the UE selected DL RS for RACH association and transmission. 
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE which triggers non-contention based random access procedure, referenceSignalPower is ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, is obtained by higher layer parameter powerControlOffsetSS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the DL RS that the DMRS of the PDCCH order is quasi-collocated with as described in Subclause 10.1. The UE is provided by higher layer parameters CFRA-SSB-Resource and CFRA-CSIRS-Resource an association between PRACH preamble indexes and corresponding indexes for SS/PBCH blocks and periodic CSI-RS resource configurations. 
 (Unchanged parts omitted)




It was agreed at the previous meeting that the DM-RS port of PDCCH conveying Msg3 retransmission grant is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. However, the specification has not captured it yet, and hence we propose the following TP.

Proposal 6: Adopt the following TP in TS 38.213.
	8.3	Msg3 PUSCH
 (Unchanged parts omitted)








If in slot  a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in slot , where  is provided in [6, TS 38.214]. The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214].
A UE receives the PDCCH with DCI format 0_0 with CRC scrambled by the corresponding TC-RNTI conveying Msg3 retransmission grant with the same DM-RS antenna port quasi co-location properties as for the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.




It was also agreed that the DM-RS port of PDCCH for Msg4 and PDSCH of Msg4 are quasi co-located with the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. However, TS 38.214 describes only for the case of PDSCH of Msg4, and hence we propose the following TP.

Proposal 7: Adopt the following TP in TS 38.213.
	8.4	PDSCH with UE contention resolution identity



In response to an Msg3 PUSCH transmission when a UE has not been provided with a C-RNTI, the UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity [11, TS 38.321]. A UE receives the PDCCH with DCI format 1_0 with CRC scrambled by the corresponding TC-RNTI and the corresponding PDSCH that includes a UE contention resolution identity with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is within a same initial active UL BWP as the Msg3 PUSCH transmission. A minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding HARQ-ACK transmission is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured.



5. SSB to RACH occasion mapping
In PRACH format agenda, RAN1 made the working assumption that the handling rule for valid/invalid RO considering collision with DL part/SSB and assumed gap symbols is introduced, which is describes in Section 8.1 and 11.1 in TS 38.213. As for SSB to RACH occasion mapping, SSB should be mapped only to valid RACH occasions based on the handling rule, and hence we propose the following TP.

Proposal 8: Adopt the following TP in TS 38.213.
	8.1	Random access preamble
 (Unchanged parts omitted)









A UE is provided a number  of SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If , one SS/PBCH block is mapped to  consecutive PRACH occasions. If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per PRACH occasion start from preamble index . SS/PBCH block indexes are mapped to valid PRACH occasions for PRACH transmission as described in this subclause and Subclause 11.1 in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion.
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.
-	Fourth, in increasing order of indexes for PRACH slots.
 (Unchanged parts omitted)



6. Monitoring duration for search space for Msg2/3/4
UE needs to monitor Type-1 PDCCH common search space only on duration between start of RAR window and end of random access procedure, e.g., duration between Msg2 and Msg4 for initial access. Otherwise, UE unnecessary monitors Type-1 PDCCH common search space and the number of search spaces which UE can monitor is exhausted. It is not clear in the current specification and should be clarified.

Proposal 9: UE monitors Type-1 PDCCH common search space only on duration between start of RAR window and end of random access procedure, i.e., duration between Msg2 and Msg4.

7. Conclusion 
In this contribution, we discussed on RACH procedure for NR. We made the following proposals. 

Proposal 1: For PDCCH order RACH, indexing order for 3 bits indication of relative time/frequency location of ROs for each SSB is
-		first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions,
-		second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot,
-		third, in increasing order of indexes for PRACH slots.
Proposal 2: Adopt the following TP in TS 38.213.
	10.1	UE procedure for determining physical downlink control channel assignment
(Unchanged parts omitted)
If a UE is not provided higher layer parameter pagingSearchSpace for Type2-PDCCH common search space set, the association between PDCCH monitoring occasions for Type2-PDCCH common search space set and the SS/PBCH block index are same as the association of PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
ra-SearchSpace for Type1-PDCCH common search space set, the control resource set and the association between PDCCH monitoring occasions for Type1-PDCCH common search space set and the SS/PBCH block index are same as the control resource set and the association of PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
-RS antenna port associated with PDCCH receptions in the control resource set configured by pdcch-ConfigSIB1 in MasterInformationBlock and for corresponding PDSCH receptions, and the DM-RS antenna port associated with a corresponding SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. A subcarrier spacing is provided by higher layer parameter subCarrierSpacingCommon in MasterInformationBlock.
 (Unchanged parts omitted)



Proposal 3: Adopt the following TP in TS 38.213.
	8.2	Random access response
 (Unchanged parts omitted)
A UE receives the PDCCH with DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI and the corresponding PDSCH that includes the DL-SCH transport block with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for a detected SS/PBCH block or a received CSI-RS the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. If the UE attempts to detect the PDCCH with the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order which triggers non-contention based random access procedure, the UE assumes that the PDCCH and the PDCCH order have same DM-RS antenna port quasi co-location properties.
 (Unchanged parts omitted)



Proposal 4: Adopt the following TP in TS 38.214.
	5	Physical downlink shared channel related procedures
5.1	UE procedure for receiving the physical downlink shared channel
(Unchanged parts omitted)
When receiving PDSCH for Random Access Response (RAR) the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable. When receiving a RAR triggered by a PDCCH order which triggers non-contention based random access procedure, the UE may assume that the DM-RS port of the received PDCCH order and the PDSCH of the corresponding RAR are quasi co-located with the same SS/PBCH block or CSI-RS with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
 (Unchanged parts omitted)



Proposal 5: Adopt the following TP in TS 38.213.
	7.4	Physical random access channel
 (Unchanged parts omitted)
If the PRACH transmission from the UE is not in response to a detection of a PDCCH order by the UE which triggers non-contention based random access procedure, referenceSignalPower is provided by ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, is obtained by higher layer parameter powerControlOffsetSS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the UE selected DL RS for RACH association and transmission. 
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE which triggers non-contention based random access procedure, referenceSignalPower is ss-PBCH-BlockPower or, when the UE is configured resources for a periodic CSI-RS reception, is obtained by higher layer parameter powerControlOffsetSS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the DL RS that the DMRS of the PDCCH order is quasi-collocated with as described in Subclause 10.1. The UE is provided by higher layer parameters CFRA-SSB-Resource and CFRA-CSIRS-Resource an association between PRACH preamble indexes and corresponding indexes for SS/PBCH blocks and periodic CSI-RS resource configurations. 
 (Unchanged parts omitted)



Proposal 6: Adopt the following TP in TS 38.213.
	8.3	Msg3 PUSCH
 (Unchanged parts omitted)








If in slot  a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in slot , where  is provided in [6, TS 38.214]. The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured and  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214].
A UE receives the PDCCH with DCI format 0_0 with CRC scrambled by the corresponding TC-RNTI conveying Msg3 retransmission grant with the same DM-RS antenna port quasi co-location properties as for the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.



Proposal 7: Adopt the following TP in TS 38.213.
	8.4	PDSCH with UE contention resolution identity



In response to an Msg3 PUSCH transmission when a UE has not been provided with a C-RNTI, the UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity [11, TS 38.321]. A UE receives the PDCCH with DCI format 1_0 with CRC scrambled by the corresponding TC-RNTI and the corresponding PDSCH that includes a UE contention resolution identity with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for the SS/PBCH block or the CSI-RS resource the UE selected for RACH association and transmission. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is within a same initial active UL BWP as the Msg3 PUSCH transmission. A minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding HARQ-ACK transmission is equal to  msec.  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured.



Proposal 8: Adopt the following TP in TS 38.213.
	8.1	Random access preamble
 (Unchanged parts omitted)









A UE is provided a number  of SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If , one SS/PBCH block is mapped to  consecutive PRACH occasions. If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per PRACH occasion start from preamble index . SS/PBCH block indexes are mapped to valid PRACH occasions for PRACH transmission as described in this subclause and Subclause 11.1 in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion.
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot.
-	Fourth, in increasing order of indexes for PRACH slots.
 (Unchanged parts omitted)



Proposal 9: UE monitors Type-1 PDCCH common search space only on duration between start of RAR window and end of random access procedure, i.e., duration between Msg2 and Msg4.
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