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1. Introduction

In this contribution, we’d like to discuss the rules for determining valid RACH resources and RA-RNTI calculation. This contribution is revised from [1].
2. Discussion
2.1 Rules for determining valid RACH resources
According to the agreements below, we like to discuss the rules considering the transmission of actually transmitted SS/PBCH block, RMSI, semi-static DL/UL assignment and other signalling.
Agreements:

· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block

· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid

· FFS: the rules (no RRC signalling involved in defining the rules)

· Also consider the DL/UL switching points

· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI

· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design
SSB&RMSI
As stated in the agreement, an actually transmitted SS/PBCH block may overlap with a RACH resource configured by RACH configuration. The transmission of SS/PBCH block and RMSI is essential to support cell search and initial access. In addition, UE can obtain RACH reconfiguration only after reading RMSI or if receive RRC signalling after connection establishment. So the transmission of SS/PBCH block and RMSI should have the highest priority and always be guaranteed. Therefore, from UE’s perspective, when it finds out a collision between an actually transmitted SS/PBCH block or RMSI and a RACH resource configured by RACH configuration, it should assume the RACH resource as not valid. 
Proposal #1: In unpaired spectrum RACH resources overlapping in the time domain with actually transmitted SS/PBCH block or RMSI are not valid.
Semi-static DL/UL configuration
Regarding semi-static DL/UL configuration, the following agreements were achieved in RAN1#91 meeting.
Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.
Agreements:

· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity. 

According to the agreements, there are two types semi-static DL/UL assignment, i.e. cell-specific one and UE-specific one. Firstly, we’d like to discuss the relation between RACH configuration and cell-specific semi-static DL/UL configuration.
An example of cell-specific semi-static DL/UL configuration is illustrated in Figure.1, which include 3 parts and each part is consecutive. 
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Figure 1. Example of cell-specific semi-static DL/UL configuration
Following the same way as in LTE, the cell-specific semi-static DL/UL configuration should be included in RMSI, together with a cell-specific RACH configuration, so that UEs can determine available RACH resources for initial access. 
Proposal #2: Cell-specific semi-static DL/UL configuration is included in RMSI.
Also, the same as in LTE, a RACH resource is valid on ‘UL’ part but not on ‘DL’ part. The new issue in NR is, whether a RACH resource can be allocated in the ‘unknown’ part. 
· Option 1: gNB cannot allocate RACH resources in the ‘unknown’ part.
· Option 2: gNB can allocate RACH resources in the ‘unknown’ part.

According to the agreements below, in frequency domain, the number of RACH resources may be limited by UE minimum Tx bandwidth. Thus it may be necessary to improve the RACH capacity in the time domain. For cell-specific semi-static DL/UL configuration, the larger the ‘unknown’ part, the more flexibility for gNB’s scheduling. However, as shown in Figure 2, assuming the same RACH resource configuration in the time domain, option 2 is more flexible for the gNB’s scheduling. Because each part in the cell-specific semi-static DL/UL configuration is consecutive, for option 1, all the symbols starting from the first RACH resource must be ‘UL’, while option 2 has no such limitation. As a conclusion, option 2 should be supported.
Agreements:
· UE minimum Tx bandwidth is defined as the largest bandwidth that all UEs must support regardless of UE capability. 

· Note: The UE minimum Tx bandwidth will be finally determined by RAN4. 

· Bandwidth of the initial active UL BWP is equal to or narrower than UE minimum Tx bandwidth.
Agreements:
· FFS whether all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not.

· The transmission of PUSCH for Msg.3 and the transmission of PUCCH for Msg.4 HARQ feedback are confined within the initial active UL BWP.
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Figure 2. Comparison between option 1 and option 2
Proposal #3: gNB can allocate RACH resources in the ‘unknown’ part.
Assume gNB can allocate RACH resources in the ‘unknown’ part. Because the ‘unknown’ in cell-specific semi-static UL/DL configuration may be overwritten by other signaling to achieve dynamic scheduling of transmission direction, a further issue is, whether a RACH resources in the ‘unknown’ part is always valid for a UE. 

If the RACH resources in the ‘unknown’ part are always valid for a UE, it means the parts overlapping with RACH resources in time domain are semi-statically defined as ‘UL’, which would impact the flexibility of scheduling. So it’s better to allow the gNB scheduling the ‘unknown’ part overlapping with RACH resources in time domain as ‘DL’. Therefore, from UE’s perspective, a RACH resource in cell specific unknown resources is only valid for a UE with a semi-static (e.g. UE-specific semi-static UL/DL) or dynamic (e.g. dynamic SFI) configuration indicating those resources as UL. 
To sum up all of the discussion above, we have the following proposal regarding the rules.

Proposal #4:

· For a RACH resource in the ‘unknown’ part of cell-specific semi-static DL/UL configuration, a UE assume it is valid if a semi-static (e.g. UE-specific semi-static UL/DL) or dynamic (e.g. dynamic SFI) configuration indicates the ‘unknown’ part as UL.
2.2 RA-RNTI calculation
SSB index

According to the agreements in RAN1 NR#3 meeting, the start timing of RAR depends on the location of CORESET for RAR, in addition to the location of RACH resource. 

Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling((/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where ( is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4
The RAR windows, corresponding to RACH resources associated with different SSB, may be overlapped. Considering the case where multiple SSBs are associated with the same RACH resources on the same Rx beam, which is beneficial to achieve lower RACH resource overhead, UE’s may unnecessarily attempt to decode the RAR message transmitted on a Tx beam other than its preferred DL Tx beam. To solve this problem, one of the solutions is, SSB index can be carried by the control signaling of the RAR. In addition, carrying SSB index by RA-RNTI is beneficial for SSB/beam-specific RACH management.

We consider two alternatives, (1) introducing SSB index into the calculation of RA-RNTI and (2) indicating such information by explicit signaling bits in the DCI. The signaling overhead is lower in the first method because no extra bits are introduced in the DCI. SS block/DL Tx beam information should be carried by RA-RNTI.
Slot/symbol index

As per the agreements below regarding RACH resource configuration, slot index and symbol index is required to identify the time location of a RACH resource. So the slot index and symbol index need to be indicated for UE monitoring its target RAR.
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols
Agreements:

· NR at least supports RACH configuration that have the same starting symbol in all RACH slots

· Values of starting symbol: 0, 2

· FFS other values

In the LTE system, sub-frame index is included in the calculation of the RA-RNTI. Similarly, the slot index, replacing sub-frame index, can be included in RA-RNTI formula for NR. As for symbol index, we assume that RARs for the preambles using different symbol occasions within one slot will normally be responded to at the same/similar time. Therefore those RARs are better to be multiplexed into one RAR with the same RA-RNTI. For the same reason of locating RAPID (The Random Access Preamble IDentifier field (6 bits) identifies the transmitted Random Access Preamble) in RAR, the index of the first symbol for a RACH resource can be included in the RAR. 
Proposal #5: The index of the first symbol for a RACH resource is included in RAR.
PRACH frequency index
Similar to the LTE system, multiple frequency PRACH occasions may be configured and the index of the specified PRACH in the frequency domain within a slot is included in the RA-RNTI calculation.

As a conclusion, we have following proposals.
Proposal #6:  For RA-RNTI calculation, 
RA-RNTI = 1 + t_id + X*f_id + X*Y*SSB_index,

in which, 
	t_id
	the index of slot within a slot pattern time interval for RACH configuration

	f_id
	the frequency-domain index of specified RACH resources within the selected slot

	SSB_index
	The index of SSB within an SS period

	X
	the maximum number of slot within a slot pattern time interval for RACH configuration

	Y
	the maximum number of RACH resources FDMed in one time instance


3. Conclusions

In this contribution, some considerations on the rules for determining valid RACH resources and RA-RNTI calculation are presented. Based on the discussion, we have following proposals:
Proposal #1: In unpaired spectrum RACH resources overlapping in the time domain with actually transmitted SS/PBCH block or RMSI are not valid.
Proposal #2: Cell-specific semi-static DL/UL configuration is included in RMSI.
Proposal #3: gNB can allocate RACH resources in the ‘unknown’ part.
Proposal #4: For a RACH resource in the ‘unknown’ part of cell-specific semi-static DL/UL configuration, a UE assumes it is valid if a semi-static (e.g. UE-specific semi-static UL/DL) or dynamic (e.g. dynamic SFI) configuration indicates the ‘unknown’ part as UL.
Proposal #5: The index of the first symbol for a RACH resources is included in RAR.
Proposal #6:  For RA-RNTI calculation, 

RA-RNTI = 1 + t_id + X*f_id + X*Y*SSB_index,

in which, 
	t_id
	the index of slot within a slot pattern time interval for RACH configuration

	f_id
	the frequency-domain index of specified RACH resources within the selected slot

	SSB_index
	The index of SSB within an SS period

	X
	the maximum number of slot within a slot pattern time interval for RACH configuration

	Y
	the maximum number of RACH resources FDMed in one time instance
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