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This contribution focuses entirely on PRACH procedure and covers different aspects associated with it, e.g.: Msg 2/3/4 search space, Overlapping of Msg 2/3/4 search space with other search spaces, configuration of ssbPositionInBurst in connected mode, etc.

2. PRACH Procedure
2.1 Msg 2/3/4 search space

Based on the current 213 spec, network has to explicitly configure search space for Msg 2/3/4, i.e., there is no default search space for Msg 2/3/4 in Rel-15. However, the RMSI search space can be modified to generate a default search space for Msg 2/3/4. During the last meeting, RAN1 came up with the following offline conclusion to define default search space for Msg 2/3/4 :
	Offline conclusion:
1. Monitoring periodicity of default search space for RACH procedure is every slot.

2. If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as one per slot in PBCH, UE monitors the same set of symbols as RMSI PDCCH.

3. If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as more than one per slot in PBCH, Msg 2/3/4 search space is down-selected from the following alternatives: 
a) Alt 1: The search space set associated with SSB used for corresponding Msg1 transmission
b) Alt 2: The search space with the smallest first symbol index within a slot
c) Alt 3: search space depends on RA-RNTI
d) Alt 4: 
i. For RMSI multiplexing pattern 1, search space is the first one if Msg1 is associated to even SSBs. Search space is the 2nd one if Msg1 is the 2nd one if Msg1 is associated to odd SSB.
ii. 
For RMSI multiplexing pattern 2 and 3, starting symbol of the search space is 0 if Msg1 is associated to even SSBs. Starting symbol of the search space is when Msg1 is associated to odd SSBs.



With Alt 2, UE has to monitor a different search space for RMSI and Msg 2/3/4. Alt 1 allows UE to keep the same search space to receive RMSI and Msg 2/3/4 grant. Besides, alt 1 gives network the flexibility to use different search spaces for Msg 2/3/4 grant within a slot corresponding to different SSBs.
Alt 3 makes Msg 2/3/4 search space dependent on RA-RNTI. During many-to-one mapping from SSBs to RACH occasions, alt 3 will enforce network to transmit Msg 2/3/4 corresponding to different SSBs in the same search space. This limits network flexibility; especially if the BS needs to TDM Msg 2/3/4 PDCCH corresponding to different SSBs due to analog beamforming constraint.
Alt 4 is similar to alt 1 for RMSI multiplexing pattern 1. For RMSI multiplexing pattern 2 and 3, alt 4 uses two Msg 2/3/4 search spaces in the slot even if the number of RMSI search space is higher than two in each slot. Although alternative 4, alternative 1 consistently maps the RMSI search space to default Msg 2/3/4 search space for all RMSI multiplexing scenarios.
Observation 1: With Alt 2, UE has to monitor a different search space for RMSI and Msg 2/3/4. Alt 1 allows UE to keep the same search space to receive RMSI and Msg 2/3/4 grant.
Observation 2: During many-to-one mapping from SSBs to RACH occasions, alt 3 enforces network to transmit Msg 2/3/4 corresponding to different SSBs in the same search space. This limits network flexibility; especially if the BS needs to TDM Msg 2/3/4 PDCCH corresponding to different SSBs due to analog beamforming constraint.
Proposal 1: NR adopts the following proposal for default Msg 2/3/4 search space.
a) Monitoring periodicity of default search space for RACH procedure is every slot.

b) If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as one per slot in PBCH, UE monitors the same set of symbols as RMSI PDCCH.

c) If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as more than one per slot in PBCH, Msg 2/3/4 search space is the search space set associated with SSB used for corresponding Msg1 transmission


2.2 Overlapping of Msg 2/3/4 search space with SSBs.

All alternatives proposed during the previous meeting [2]. lead to a scenario where Msg 2/3/4 search space gets FDMed with a set of SSBs that are not QCLed with the Msg 2/3/4.
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Figure 1: Time domain overlapping between search space of Msg2 and an SSB that UE did not select during corresponding Msg1 transmission
The above figure shows this issue in more details. Assume that Gnb is transmitting two SSBs. SSB locations and RACH occasions are located at the beginning and end of RACH configuration period respectively. Also assume that backoff period is zero. That means, UE can retransmit Msg1 at the end of the RAR window.
UE selects SSB2 and its corresponding RACH occasion to transmit Msg1. The RAR window is overlapped with SSB 1 and SSB 2 locations. Since the DMRS of Msg2 grant will be QCLed with SSB2, UE generates its RX beam to receive Msg2 grant whose DMRS is QCLed with SSB 2. However, this prohibits UE to track SSB 1 before its next Msg1 retransmission opportunity. The same thing happens during every RAR window. UE cannot track the other SSBs that it did not select initially during its entire retransmission period. 
Observation 3: If the search space of Msg 2/3/4 overlaps with an SSB that is not QCLed with the DMRS of Msg 2/3/4, UE may not be able to track that SSB during RACH retransmission period.
This can be solved by ensuring that time domain overlapping between search space of Msg 2/3/4 grant can only overlap with an SSB that the UE selected for corresponding Msg1 transmission. If a search space overlaps in time with an actually transmitted SSB other than the SSB used for corresponding Msg1 transmission, search space in that particular slot becomes invalid.
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Figure 2: Avoiding time domain overlapping between search space of Msg2 and a non-QCLed SSB 
Proposal 2: If a search space overlaps in time with an actually transmitted SSB other than the SSB that got used for corresponding Msg1 transmission, the search space in that particular slot is invalid

2.3  RAN2’s LS on SSBPositionInBurst

RAN2 sent the following LS to RAN1 regarding ssb-PositionInBurst in R2-1810976.
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From RAN2 point of view, above two options both can be implemented in backward compatible manner.




Both options are acceptable to us.
However, option 2 gives network better flexibility. Network can use the 16 bit long bitmap for Rel-15 UEs in both idle and connected mode; reserve some additional SSBs for future compatible use cases but still allow Rel-15 UE to rate match around those SSBs using the full 64 bit bitmap.
Observation 4: Both option 1 and 2 of LS are acceptable. But option 2 provides network better flexibility. Network can use the 16 bit long bitmap for Rel-15 UEs in both idle and connected mode; reserve some additional SSBs for future compatible use cases but still allow Rel-15 UE to rate match around those SSBs using the full 64 bit bitmap.
Proposal 3: We prefer NR supporting option 2 of RAN2’s LS, i.e., NR adding two 8-bit bitmaps as the ssb-PositionsInBurst2 IE in ServingCellConfigCommon; which is used for deriving the association of RACH occasion and SSB during handover and serving cell addition case.

2.4 RAN2’s LS on numberOfRA-Preambles

RAN2 sent the following LS to RAN1 in [4].

	At RAN2 NR AH-1807 it was clarified that, when the parameter is configured, the preambles used for random access are the ones in the range [0, totalNumberOfRA-Preambles - 1], with the constraint that totalNumberOfRA-Preambles should be a multiple of the number N of SSBs per RACH occasion.
RAN2 understands that this has an impact on the rule for RA preambles mapping to SS/PBCH blocks, when N is higher than 1: in this case the subset of consecutive RA preambles associated with SS/PBCH block n (with 0 ≤ n ≤ N-1) per RACH occasion would start from preamble index n·totalNumberOfRA-Preambles /N (when the parameter is configured) rather than from n·64/N.




Proposal 4: RAN1 accepts RAN2’s decision and adopts the following CR in 213.

	CHANGE START



A UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number [image: ] of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If [image: ], one SS/PBCH block is mapped to [image: ] consecutive PRACH occasions. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per PRACH occasion start from preamble    . SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in [4, TS 38.211].

	CHANGE END



3.Conclusion

Observation 1: With Alt 2, UE has to monitor a different search space for RMSI and Msg 2/3/4. Alt 1 allows UE to keep the same search space to receive RMSI and Msg 2/3/4 grant.
Observation 2: During many-to-one mapping from SSBs to RACH occasions, alt 3 enforces network to transmit Msg 2/3/4 corresponding to different SSBs in the same search space. This limits network flexibility; especially if the BS needs to TDM Msg 2/3/4 PDCCH corresponding to different SSBs due to analog beamforming constraint.
Observation 3: If the search space of Msg 2/3/4 overlaps with an SSB that is not QCLed with the DMRS of Msg 2/3/4, UE may not be able to track that SSB during RACH retransmission period.
Observation 4: Both option 1 and 2 of LS are acceptable. But option 2 provides network better flexibility. Network can use the 16 bit long bitmap for Rel-15 UEs in both idle and connected mode; reserve some additional SSBs for future compatible use cases but still allow Rel-15 UE to rate match around those SSBs using the full 64 bit bitmap.





Proposal 1: NR adopts the following proposal for default Msg 2/3/4 search space.
a) Monitoring periodicity of default search space for RACH procedure is every slot.

b) If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as one per slot in PBCH, UE monitors the same set of symbols as RMSI PDCCH.

c) If the total number of monitoring occasions for the reception of RMSI PDCCH is indicated as more than one per slot in PBCH, Msg 2/3/4 search space is the search space set associated with SSB used for corresponding Msg1 transmission

Proposal 2: If a search space overlaps in time with an actually transmitted SSB other than the SSB that got used for corresponding Msg1 transmission, the search space in that particular slot is invalid
Proposal 3: We prefer NR supporting option 2 of RAN2’s LS, i.e., NR adding two 8-bit bitmaps as the ssb-PositionsInBurst2 IE in ServingCellConfigCommon; which is used for deriving the association of RACH occasion and SSB during handover and serving cell addition case.
Proposal 4: RAN1 accepts RAN2’s decision and adopts the following CR in 213.
	CHANGE START


A UE is provided a number [image: ] of SS/PBCH blocks associated with one PRACH occasion and a number [image: ] of contention based preambles per SS/PBCH block by higher layer parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If [image: ], one SS/PBCH block is mapped to [image: ] consecutive PRACH occasions. If [image: ], [image: ] contention based preambles with consecutive indexes associated with SS/PBCH block [image: ], [image: ], per PRACH occasion start from preamble    . SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
	CHANGE END
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