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1	Introduction
The current relevant agreements are reported below [1]:
Agreements
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT
[bookmark: _Ref178064866]2	Discussion
Considering the baseline agreements, further analysis on how to achieve a different RACH Occasion (RO) for SDT and preamble partitioning, if RO is shared, has to be done.
Regardless of how a new set of preambles is defined for SDT, there is a set of constraints that must be taken into account.
First, preambles should be divided among the configured cell beams, with the same flexibility that is possible for legacy preambles. This means that if the gNB is using analog beamforming, or simply if it is more desirable, preambles belonging to different beams should not be overlapped in time.
Second, there should be a distinction between SDT preambles dedicated to 4-step and 2-step RACH, and it should be possible to disable one of the two procedures.
2.1	Separate RACH Occasion
The most straight-forward method to define a separate set of ROs for SDT is to define a whole new RACH configuration consisting in multiple ROs forming a PRACH slot, their periodicity etc.
For legacy RACH, SI carries some parameters such as the PRACH slot frequency offset, how many ROs exists in frequency domain, and a prach-ConfigurationIndex which points to a row in Tables 6.3.3.2-2/3 and 4 of TS 38.211 which contains other parameters such as the preamble format, information on the PRACH slot occurrence in time and how many ROs exists in time domain [2].
By duplicating this information for SDT, it is possible to create a parallel PRACH that contains SDT preambles only. If needed, it is also possible to define one further PRACH in order to separate 4-step and 2-step preambles, although it is not strictly needed as one PRACH can contain both preambles types.
[bookmark: _Toc61534368]It is possible to define separate SDT ROs by defining a new PRACH slot for SDT only
One problem that may arise by using this method is RA/MSGB-RNTI collision.
RA and MSGB-RNTI are calculated according to the formulas below [4]:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2
In particular, both RNTIs are unique for each RO, and are calculated as a function of the RO starting symbol (underlined) and the RO offset in frequency within the PRACH slot (bold).
If two independent PRACHs are defined so that some ROs are starting at the same time and have the same frequency offset, there will be a RNTI collision among the UEs that selected those two ROs. In this case, a collision means that gNB will schedule a legacy Msg2/MsgB with the same RNTI as an SDT Msg2/MsgB. If Msg2/MsgB format is different, a legacy UE would not be able to decode the message. Moreover, if those UEs also selected the same preamble, they may consider multiple RARs as directed to them, resulting in an ambiguity. Figure 1 shows two examples of configuration where RNTI collisions may or may not happen.


[bookmark: _Ref61444356]Figure 1: Example of separate RACH configurations leading or not to RNTI collisions

[bookmark: _Toc61534369]A misconfigured set of ROs for SDT may lead to RA/MSGB-RNTIs colliding with legacy ones
A simple solution to this problem would be to ensure that ROs are never time-aligned, but this would add many constraints on the cell configuration and excessive complexity.
[bookmark: _Toc61534370]It is possible to solve RA/MSGB-RNTI collision problem by ensuring that ROs belonging to different PRACH slots are never time-aligned, but this would result in excessive complexity and lack of flexibility
Another solution could be to define a new RNTI with a range of values orthogonal to the ones used by RA/MSGB-RNTI in CSS. The issue with this solution is that there are not enough values left assuming we want to double the legacy values used for RA/MSGB-RNTI. In fact, currently both RA and MSGB-RNTI use 17920 values (from 0x0001 to 0x4600 for RA-RNTI and from 0x4601 to 0x8C00 for MSGB-RNTI), for a total of 35840 out of the 65522 available (from 0x0001 to 0xFFF2). If we create similar ranges for a new RA-SDT-RNTI and MSGB-SDT-RNTI we would require a total of 71680 values which exceeds the maximum available. 
[bookmark: _Toc61534371]It is not possible to define two new ranges of RA- and MSGB-SDT-RNTIs for CSS with the same amount of values used by their legacy versions. 
In conclusion, if RAN2 decides to define a new SDT PRACH configuration as described, it should be further studied how to avoid the RNTI collision problem.
2.2	Separate preamble partition
Within a RO, the preambles are divided into several different partitions indicating different types of accesses that the UE wants to perform.
First, in legacy, the RRC parameter totalNumberOfRA-Preambles () indicates how many out of 64 preambles are available to the UE, meaning that the last ones cannot be used. The same can be said for the 2-step RACH equivalent parameter. For simplicity, unless stated differently, we mention only one parameter as a general case.
The available preambles can be divided among the configured SSBs () and within each partition how many CBPR are available (). The remaining preambles are CFPR. [3][2]
If a new parameter expressing how many SDT preambles are available is introduced, the overall configuration should be backwards compatible, meaning that a legacy UE should not use an SDT preamble for a legacy procedure.
This means that the new SDT partition should be defined among the CFPR or the “not available” preambles. In fact, the not available preambles will never be used by a legacy UE by definition, while the CFPR are used only according to the network command, so the network could make sure to not assign SDT preambles to a legacy UE for a legacy contention free access.
Assuming to express the number of available SDT preambles as , the figure below gives an example of configuration and how it is interpreted by both a Rel.17 UE and a legacy UE.


Figure 2: example of RO configuration with SDT preamble partition added to the CFPR preambles, 2 SSBs, and how it is perceived by a legacy UE.
[bookmark: _Toc61534373]Define SDT preamble partition reusing either the legacy CFPRs or not available preambles
2.3	Considerations on multiple groups
In the recent e-mail discussion [551][SDT], it was discussed how many preamble groups should be configured. The point of having multiple groups is to allow the UE to indicate to gNB which TBS for MsgA/MsgB is the most appropriate to carry the MAC PDU. By having multiple choices, it is possible to minimize the amount of padding to insert in the MAC PDU and thus minimize the resource consumption. On the other hand, having many preamble groups increases the segmentation of the available preambles which decreases PRACH efficiency and increases the amount of resources required to host all the preambles.
It seems that the consensus is to have two groups, similar to Group A and B defined in legacy RACH procedures. Nevertheless, it should be possible to configure only one group in order to minimize the preamble segmentation which represents the most critical issue with this feature.
It is true that having too much padding on a channel that usually is configured with a very low MCS due to coverage issues represents a major waste of resources, but this could be avoided by keeping the configured TBS relatively low (e.g.: large enough to carry the average payload, but not large enough to carry the largest payload). In fact, in case the UE wants to transmit more data than what it can fit in Msg3/MsgA, the subsequent transmissions mechanism could help in delivering the remaining data more efficiently.
[bookmark: _Toc61534372]With only one preamble group, it is possible to avoid waste of resources by configuring Msg3/MsgA TBS as relatively low and let the subsequent packet feature deliver the additional payload that might be required by few UEs.
[bookmark: _Toc61534374]Allow the second preamble group to be disabled
2.4	Considerations on common RACH configuration
Another option to avoid an overall excessive number of configured preambles is to define a common RACH configuration, meaning that some of the preambles can be used both for legacy and SDT operations.
In this case, although the configuration of several preambles and related resource consumption can be avoided, the gNB must distinguish whether a UE decided to perform a legacy or an SDT access. To do so, the gNB must perform blind decoding on the content of Msg3/MsgA and its actual TBS in order to decide how to handle the UE. This operation, similar to what an eNB with Rel.16 EDT enabled is doing, brings considerable complexity. Moreover, in this case, the gNB would have to reserve resources for a large Msg3/MsgA coherent with an SDT access even when the UE is performing a legacy access. It is possible, then, that the gain in terms of occupied resources is lost due to this fact.
One option to avoid blind decoding could be that gNB sends Msg2/MsgB both for SDT and non-SDT. The UE will then decode the intended one, based on the procedure it is performing, and will reply (Msg3) using the indicated UL grant. The disadvantage of this solution is the increased consumption of resources due to the additional Msg2/MsgB transmitted and reserving resources for the potential Msg3. Again, it is not clear if the gains are greater than the losses.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	It is possible to define separate SDT ROs by defining a new PRACH slot for SDT only
Observation 2	A misconfigured set of ROs for SDT may lead to RA/MSGB-RNTIs colliding with legacy ones
Observation 3	It is possible to solve RA/MSGB-RNTI collision problem by ensuring that ROs belonging to different PRACH slots are never time-aligned, but this would result in excessive complexity and lack of flexibility
Observation 4	It is not possible to define two new ranges of RA- and MSGB-SDT-RNTIs for CSS with the same amount of values used by their legacy versions.
Observation 5	With only one preamble group, it is possible to avoid waste of resources by configuring Msg3/MsgA TBS as relatively low and let the subsequent packet feature deliver the additional payload that might be required by few UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Define SDT preamble partition reusing either the legacy CFPRs or not available preambles
Proposal 2	Allow the second preamble group to be disabled
Proposal 3	Avoid the definition of shared preambles
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