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1	Introduction
RACH partitioning is being considered for several Rel-17 features to enable early identification of the feature on the network side (see table below). In this contribution we discuss some general aspects of RACH partitioning and describe what a common solution for RACH partitioning for the Rel-17 features might look like.
	Feature
	Reason for RACH indication

	RedCap [1]
	To indicate reduced capabilities to the network in MSG1 so that the network can adapt subsequent transmissions

	SDT [2]
	To request a larger MSG3 size (or MSGA size in case of 2-step RA)

	CovEnh [3]
	To indicate need for coverage enhancement (esp. for request of MSG3 repetition)

	Slicing [4]
	To indicate high priority slice to the network and to achieve slice isolation also for RACH


A note on terminology: in this contribution RACH resources refer to the time/frequency resources used for RACH (i.e. the so called RACH occasions)  and RACH partitioning can either be achieved by partitioning the RACH resources (i.e. different RACH occasions are mapped to different features) or by partitioning the preambles associated with a RACH occasion (i.e. different preambles are mapped to different features).
[bookmark: _Ref178064866]2	Discussion
2.1 RACH resources for Rel-15 4-step RA
For 4-step RA, the RACH resources are configured in the RACH-ConfigCommon IE in SIB1 and consist of a number of slots (the RACH slots) that repeats themselves every RACH configuration period. Within these RACH slots there may be multiple frequency domain RACH occasions which lie consecutive in the frequency domain and each occupying a certain number of resource blocks that depends on the preamble transmission bandwidth. Two types of preamble format are defined: a long format used for larger cells and a short one for smaller cells. For the short preambles it is in some cases possible to have multiple preamble transmissions multiplexed in time within a single RACH slot. In other words, for short preambles there may not only be multiple RACH occasions in the frequency domain but also in the time domain within a RACH slot. In each such RACH time/frequency occasion there are 64 preambles available for transmission.
[image: ]
Figure 1: RACH resource structure

A key feature of random access in NR is the possibility to establish a suitable beam pair and to apply receiver side analog beam-sweeping for the preamble reception. This is achieved by associating different SSBs with different RACH time/frequency occasions and/or different preambles. As different SSBs correspond to different downlink beams, this enables the gNB to determine the downlink beam selected by the UE from the preamble reception. Furthermore, if the SSBs are mapped to different RACH occasion in the time domain, the gNB will also be able to apply analog beam-sweeping for the preamble reception on different RACH occasions. 
Each SSB is mapped to a number of RACH occasions. This number can be less than one meaning that the RACH occasion is shared by multiple SSBs (in this case separation is done based on preamble partitioning, see below), or it can be larger than one to e.g., enable analog beam-sweeping for the preamble reception. The mapping of SSBs to RACH occasions is done in the following order:
1. First in increasing order of preamble indexes within a single RACH occasion;
2. Then in the frequency domain for the frequency multiplexed RACH occasions;
3. Then in time domain for the time multiplexed RACH occasions within a RACH slot (assuming short-preamble format is used);
4. Then finally in the time domain between RACH slots
In the contention-based random access procedure, if an SSB is mapped to more than one RACH occasion in the frequency domain, the UE will randomly select one of the frequency domain RACH occasion for the preamble transmission.
The figure below shows an example (not necessarily realistic) where there are two beams/SSBs in the cell and both SSBs are mapped to the same RACH occasion, i.e. the SSBs are separated using preamble partitioning rather than RACH resource partitioning in this example.  There are two RACH slots per RACH period and six RACH occasions per RACH slot.
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Figure 2: Mapping of SSBs to RACH occasions

The 64 preambles within a RACH occasion are divided equally among the SSBs sharing the RACH occasion and are then split into a contention-based and a contention-free part. The contention-based preambles associated with an SSB can also be further split into an A and a B group where the group B preambles are used to request a larger MSG3 size in the contention-based random access procedure. The overall division of the preambles is illustrated in the figure below. Note that it also possible to reserve some of the 64 preambles for other uses, e.g., for (MSG1-based) on-demand SI request.  
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Figure 3: Preamble partitioning
The contention-free preambles associated with an SSB are used in the contention-free random access procedure used during e.g. handover. Since we are mainly concerned with the contention-based random access procedure, we will not discuss the details of the contention-free random access procedure further.
2.2 RACH partitioning for Rel-16 2-step RA
2-step RA introduced in Rel-16 use RACH partitioning to enable the network to distinguish the 2-step RA attempts from the 4-step RA attempts in order to simplify the decoding of MSGA PUSCH. 2-step RA can thus serve as inspiration when extending the RACH partitioning for the Rel-17 features.
The RACH resources for 2-step RA are configured in the RACH-ConfigCommonTwoStepRA IE in SIB1 and can either be separate from 4-step RA or they can be shared with 4-step RA. In the separate case the 2-step RA users can be distinguished based on the RACH resource while in the shared case this is not possible and preamble partitioning must be used instead. The preamble partitioning is done by expanding the SSB-associated contention-based preamble region and allocating the preambles in the expansion to 2-step RA. The 2-step RA preambles can then be split into an A and B group similar to the 4-step contention-based preambles. As can be seen from the figure below, in the end the result is that the SSB-associated contention-based preambles have been split into four partitions:
· For 4-step RA 
· group A (partition 00)
· group B (partition 01)
· For 2-step RA 
· group A (partition 10)
· group B (partition 11)
(If the partition index is written in binary like above the 0s and 1s can be interpreted as a feature being on and off, e.g. 01 means that the 2-step RA feature is off and the group B feature is on).
Note that, if 2-step RA shares RACH resources with 4-step RA, the SSB-associated contention-based preambles used for 2-step RA look like contention-free preambles to a Rel-15 UE. There is therefore no risk that a Rel-15 UE uses the 2-step RA preambles, thus making the solution backwards compatible.
If 2-step RA shares RACH resources with 4-step RA, it is also possible to restrict the RACH resources that can be used for 2-step RA. This is done by configuring a RACH occasion mask (indicated via the field msgA-SSB-SharedRO-MaskIndex in the RACH-ConfigCommonTwoStepRA IE) which indicates which of the SSB-associated RACH occasions that can be used for the 2-step RA preamble transmission. Note that this assumes that an SSB is mapped to more than one RACH occasion.
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Figure 4: Preamble partitioning in case of shared RACH resources for 4-step and 2-step RA
2.3 RACH partitioning for Rel-17 features
2.3.1 General
The amount of RACH resources and/or preambles is typically slightly over-dimensioned to cope with access peaks and other uncertainties in the estimated RACH load.  With RACH partitioning the over-dimensioning needs to be done for each partition separately, which means the total required amount of RACH resources and preambles increases compared to when partitioning is not used. The specification complexity also increases with RACH portioning since all the partitions resulting from the different combinations of features need to be possible to configure via RRC signalling. For these reasons, it is desired to minimize the amount of RACH partitioning.
[bookmark: _Toc71571851]RACH partitioning should generally be avoided, to reduce radio resource overhead/processing and to reduce specification complexity.
As we saw in the previous sections, in addition to the SSB/beam RACH partitioning, we already have RACH partitioning for group A/B and 2-step RA, and in Rel-17 it is possible that RACH partitioning will also be introduced for RedCap, SDT, CovEnh and slicing.
[bookmark: _Toc71571852]RACH partitioning is already used today for determining the SSB/beam and for differentiating between 2-step and 4-step RA and between group A and B.
In general, assuming binary (on/off) features and assuming that it should be possible to indicate all combinations of features, the number of partitions grows as n x 2^k where n is the number of SSBs and k is the number of features. However, some combinations can be excluded because some features are not compatible with each other. It is also expected that not all feature combinations will be used in practice (at least not simultaneously in the same deployment) which will further reduce the number of combinations in a real deployment.
[bookmark: _Toc71571853]In general, the number of RACH partitions grows exponentially with the number of features.
[bookmark: _Toc71571854]Some feature combinations can be excluded due to feature incompatibility.
[bookmark: _Toc71571855]In real deployment it is expected that only a subset of the features and feature combinations will be enabled.
The table below gives a preliminary view of which other features each of the Rel-17 features is compatible with. For example, it is expected that CovEnh will not be possible to combine with group A/B, SDT or 2-step RA since those features require that the UE is in good coverage. It might also be that additional combinations are excluded to keep the signalling complexity at a reasonable level. Note that the reason for allowing SDT to be combined with group A/B is because we expect that there may be a need to support two different sizes for MSG3/MSGA when SDT is used (although they may not be called group A/B but rather something new, e.g. SDT TBS1 and TBS2).
[bookmark: _Ref70945928]Table 1 Rel-17 feature compatibility
	
	A/B
	2-step RA
	RedCap
	SDT
	CovEnh
	Slicing

	RedCap
	✔
	✔
	N/A
	✔
	✔
	✔

	SDT
	✔
	✔
	✔
	N/A
	✖
	✔

	CovEnh
	✖
	✖
	✔
	✖
	N/A
	✔

	Slicing
	✔
	✔
	✔
	✔
	✔
	N/A



To further reduce the number of partitions it would be good to only consider binary features. In particular, this would imply that:
· For RedCap we only differentiate between RedCap and non-RedCap UE and not between different types of RedCap UEs (e.g. with 1 Rx branch pr 2 Rx branches)
· For slicing we only differentiate between prioritized and non-prioritized slices; we do not signal the identity of the slice in RACH or introduce some form of multi-level slice priority.

[bookmark: _Toc71571856]Only considering binary (on/off) features will reduce the number of RACH partitions.

2.3.2 Design of a common solution
To support RACH partitioning for the Rel-17 features one potential solution is to re-use the same principles as used for Rel-16 2-step RA.
[bookmark: _Toc71571857]The same type of RACH partitioning used for Rel-16 2-step RA (defined in RACH-ConfigCommonTwoStepRA) might be possible to re-use also for the Rel-17 features.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	RACH partitioning should generally be avoided, to reduce radio resource overhead/processing and to reduce specification complexity.
Observation 2	RACH partitioning is already used today for determining the SSB/beam and for differentiating between 2-step and 4-step RA and between group A and B.
Observation 3	In general, the number of RACH partitions grows exponentially with the number of features.
Observation 4	Some feature combinations can be excluded due to feature incompatibility.
Observation 5	In real deployment it is expected that only a subset of the features and feature combinations will be enabled.
Observation 6	Only considering binary (on/off) features will reduce the number of RACH partitions.
Observation 7	The same type of RACH partitioning used for Rel-16 2-step RA (defined in RACH-ConfigCommonTwoStepRA) might be possible to re-use also for the Rel-17 features.

Based on the discussion in the previous sections we propose the following:

Each WI should consider whether RACH indication is really needed for their feature, to minimize the overall required amount of RACH partitioning.
RAN2 should attempt to design a common RACH partitioning solution for the Rel-17 features.
RAN2 should discuss which feature combinations that are allowed (where Table 1 in this document can be used as starting point for such discussion).
Only allow binary (on/off) feature indications on RACH.
RAN2 should consider re-using the RACH partitioning solution used for Rel-16 2-step RA for the Rel-17 features.
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