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[bookmark: _Ref138137599]Introduction
During RAN2#125 an open issue about ra-ssb-OccasionMaskIndex was left behind for further discussion during RAN2#125bis. The issue was on how this mask could be used for sets of ROs, instead of single ROs.
This contribution provides our view on how the ra-ssb-OccasionMaskIndex could be used for sets of ROs.
Discussion
Background
For single PRACH transmission, a UE selects a RACH occasion (RO) for transmission of the preamble. Based on the existing specifications 3GPP TS 38.213 and 38.321, valid ROs are associated with SSBs according to the structure in Figure 1 where RAN1 specifications (3GPP TS 38.213) defines the valid ROs and association with SSBs, and RAN2 specifications chooses among these ROs and selects them for preamble transmissions.RO availability:
(RAN1 specifications)
RO selection:
(RAN2 specifications)
[bookmark: _Ref162330276]Figure 1; RO availability and selection for single PRACH transmissions.

RAN1
Functionality has previously been introduced for CBRA to separate the allocation of certain ROs/sets of ROs.
msg1-RepetitionTimeOffsetROGroup was added in 38.331 v18.1.0 to configure the RO offset between the first ROs of two permitted consecutive RO sets in a time period. The agreed values are as follows.

	msg1-RepetitionTimeOffsetROGroup
Indicates a time offset of the starting ROs between two successive RO groups for a given repetition number (2, 4 or 8) associated with this FeatureCombinationPreambles for each frequency resource index within a time period (see TS 38.213 [13]). If this field is absent, the time offset is implicitly determined (see TS 38.213 [13]).

For each MSG1 repetition number, the following values are applicable.
•	{n16}, for RO groups for MSG1 repetition number 8
•	{n8, n16}, for RO groups for MSG1 repetition number 4
•	{n4, n8, n16}, for RO groups for MSG1 repetition number 2




Take 2 PRACH transmissions (2 repetitions) as an example. The sets of two ROs permitted by time offset are labelled with word ‘permitted’. The candidate values of TimeOffsetBetweenStartingRO-r18 for two PRACH transmissions are designed to allow every 2nd, every 4th, and every 8th RO sets. For four PRACH transmissions, the parameter can permit every 2nd and every 4th RO sets. For eight PRACH transmissions, it allows every 2nd RO sets.
[image: A close-up of a table
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Figure 2; RO sets permitted by msg1-RepetitionTimeOffsetROGroup for two PRACH transmissions
[bookmark: _Toc163162337]Functionality to allow/disallow RO sets exist for CBRA.
RAN2
RAN2 specifications defines parameters to allow or deny certain ROs, e.g. through ra-ssb-OccasionMaskIndex that is used for the random access procedure and is defined as:
	3GPP TS 38.321:
-	ra-ssb-OccasionMaskIndex: defines PRACH occasion(s) associated with an SSB in which the MAC entity may transmit a Random Access Preamble (see clause 7.4);


The reference towards clause 7.4 maps each value in ra-ssb-OccasionMaskIndex to allowed ROs of the selected SSB.
	[bookmark: _Toc29239909][bookmark: _Toc37296329][bookmark: _Toc46490460][bookmark: _Toc52752155][bookmark: _Toc52796617][bookmark: _Toc155999869]7.4	PRACH Mask Index values
Table 7.4-1: PRACH Mask Index values
	PRACH Mask Index/
msgA-SSB-SharedRO-MaskIndex/
ssb-SharedRO-MaskIndex
	Allowed PRACH occasion(s) of SSB

	0
	All

	1
	PRACH occasion index 1

	2
	PRACH occasion index 2

	3
	PRACH occasion index 3

	4
	PRACH occasion index 4

	5
	PRACH occasion index 5

	6
	PRACH occasion index 6

	7
	PRACH occasion index 7

	8
	PRACH occasion index 8

	9
	Every even PRACH occasion

	10
	Every odd PRACH occasion

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved






In clause 5.1.2 for the Random Access Resource Selection, ra-ssb-OccasionMaskIndex is specifically used for Msg1 repetitions according to the following text:
	3GPP TS 38.321, 5.1.2 Random Access Resource selection
1>	else if an SSB is selected above:
2>	if the set of Random Access resources associated with Msg1 repetition is selected for this Random Access procedure:
3>	determine the next available set of PRACH occasions (as specified in TS 38.213 [6]) for the Msg1 repetition number applicable for this Random Access procedure corresponding to the selected SSB, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, or ssb-SharedRO-MaskIndex if configured (the MAC entity shall select a set of PRACH occasions randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB and selected Msg1 repetition number for this Random Access procedure; the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when determining the next available set of PRACH occasions corresponding to the selected SSB).


Discussion on way forward
However, for the case of multiple PRACH transmissions when ROs are defined as sets, where each set contains as many ROs as the number of repetitions, RAN2 specifications are incomplete in the following ways:
1) The mask and table are designed for exactly 8 ROs, but with the introduction of Msg1 repetitions RO sets can be:
a) Fewer than 8
b) Exactly 8
c) More than 8.
2) The mask is written with respect to single RO indexes, which is not accurate with RO sets.

[bookmark: _Toc163162338]The table in 7.4 PRACH Mask Index values is not adapted for set of ROs which applies together with Msg1 repetitions.
For remark 1 a) above, it would be unfortunate to keep the indexing, since if 4 RO sets exists, it is unclear how the mask shall apply if index 5-7 is configured. In a similar way, if RO sets are more than 8 as in 1 c) above, an indexing that masks RO set 1 would have to loop to mask several RO sets in some way (e.g. RO set with index 1, 1+8, 1+2*8 etc).
[bookmark: _Toc163162339]The existing table could either be updated, or a new table could be created.
By trying to update the table in 7.4, it needs to handle all of the existing cases, together with the new restrictions from multiple PRACH. Examples on this have been shown in last meeting but the result seems inadequate, especially for case 1a) above and also considering that the table in 7.4 is used not only for ra-ssb-OccasionMaskIndex but also for msgA-SSB-SharedRO-MaskIndex and ssb-SharedRO-MaskIndex.
[bookmark: _Toc163162340]An update of the table in 7.4 seems not preferable due to large impact across other parameters and given the fact that there will be a misrepresentation if there are fewer than 8 RO sets.
A better solution seems to be to introduce a new table for the purpose of Msg1 repetitions which could use the same RRC/MAC parameter as today, but with reference to this new table.
[bookmark: _Toc163162341]A new table using the same 4-bit RRC/MAC parameter could be created in MAC specifications, which would be used for multiple PRACH transmissions.
A new table needs to handle the cases described in 1a), b) and c) above, and a few features could be noted:
· The mask should handle “every odd RO set” and “every even RO set” as existing mask.
· To cope with 1a) and c) above, the mask could introduce “allow every Nth RO set” instead of allowing RO sets with a certain index
Such a table could look like below example:
Table 1; Example of new PRACH masking table
	PRACH Mask Index/
	Allowed set of ROs of SSB

	0 (0000)
	Reserved

	1 (0001)
	Every 2nd RO set starting with even RO set

	2 (0010)
	Every 3rd RO set starting with even RO set

	3 (0011)
	Every 4th RO set starting with even RO set

	4 (0100)
	Every 5th RO set starting with even RO set

	5 (0101)
	Every 6th RO set starting with even RO set

	6 (0110)
	Every 7th RO set starting with even RO set

	7 (0111)
	Every 8th RO set starting with even RO set

	8 (1000)
	Every 2nd RO set starting with odd RO set

	9 (1001)
	Every 3rd RO set starting with odd RO set

	10 (1010)
	Every 4th RO set starting with odd RO set

	11 (1011)
	Every 5th RO set starting with odd RO set

	12 (1100)
	Every 6th RO set starting with odd RO set

	13 (1101)
	Every 7th RO set starting with odd RO set

	14 (1110)
	Every 8th RO set starting with odd RO set

	15 (1111)
	All




An alternative solution could be to instead use the bitstream in the parameter and loop it across the available RO set, so that a ‘1’ indicate allowed RO, and ‘0’ indicates disallowed RO, as in the below examples: 
Example 1; 6 available RO sets, ra-ssb-OccasionMaskIndex = 6 (0111)
	ra-ssb-OccasionMaskIndex
	First two bits of ra-ssb-OccasionMaskIndex

	0
	1
	1
	1
	0
	1

	RO set 1
	RO set 2
	RO set 3
	RO set 4
	RO set 5
	RO set 6



Example 2; 3 available RO sets, ra-ssb-OccasionMaskIndex = 6 (0111)
	First three bits of ra-ssb-OccasionMaskIndex

	0
	1
	1

	RO set 1
	RO set 2
	RO set 3



With two options described above, either introduce a new table, or using the parameter as a bitmap to allow ROs, we think a new table is more consistent with current specification implementation and have a preference towards this. It can further be noted that by using 4 bits to allow/disallow RO sets, not fewer than 25% (every fourth) could be allowed/disallowed (bit pattern e.g. 0001), and this might not be enough. 
[bookmark: _Toc163162344]RAN2 introduces a new table in TS 38.321 in accordance with CR R2-2402711 to cope for RO sets.
Regardless of way forward in RAN2, we think it is important that the grouping of ROs to set of ROs is done before the selection of RO sets is done.
[bookmark: _Toc163162345]RAN2 assumes RO grouping is done before the selection of RO sets and is handled in RAN1 specifications.





3. Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	Functionality to allow/disallow RO sets exist for CBRA.
Observation 2	The table in 7.4 PRACH Mask Index values is not adapted for set of ROs which applies together with Msg1 repetitions.
Observation 3	The existing table could either be updated, or a new table could be created.
Observation 4	An update of the table in 7.4 seems not preferable due to large impact across other parameters and given the fact that there will be a misrepresentation if there are fewer than 8 RO sets.
Observation 5	A new table using the same 4-bit RRC/MAC parameter could be created in MAC specifications, which would be used for multiple PRACH transmissions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 introduces a new table in TS 38.321 in accordance with CR R2-2402711 to cope for RO sets.
Proposal 2	RAN2 assumes RO grouping is done before the selection of RO sets and is handled in RAN1 specifications.
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