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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
Different features that require different RACH partitioning will be supported in Re-17 such as SDT, RedCap, Coverage enhancement, and slicing. However, RANTI collisions between UEs transmitting on different PRACH partitions corresponding to different features have been identified as an issue, and email discussion has been initiated to summarise the issue and possible solutions [3].
In this contribution, we discuss the issue of RNTI collisions between UEs transmitting on different PRACH partitions corresponding on different features where PRACH partitions locate on the same slot of the same BWP.

2. RNTI collision issues for different features
The legacy RA-RNTI and MsgB-RNTI are calculated as follows (TS 38.321):
The RA-RNTI/ MSGB-RNTI associated with the PRACH occasion in which the Random-Access Preamble is transmitted, is computed as:
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
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
In the current specification, it is possible to configure separate PRACH occasions corresponding to different partitions locating on the same slot of the same BWP. For example, as shown in Figure 1, two partitions of 4-step PRACH occasions (RO) can be configured independently in an FDM manner with the same starting OFDM symbol on the same slot of the same bandwidth part (BWP) of a cell. 
Other configurations also exist where two separate PRACH partitions belonging to 2-step RACH are configured in the same slot.
From Figure 1, UE1 with 4-step RACH in partition 1 and UE2 with 4-step RACH in partition 2 have the same starting OFDM symbol and the same frequency offset for the PRACH occasions locating on the same slot of the same active BWP. Hence, after UE1 and UE2 have transmitted PRACH on their corresponding uplink occasions, they will monitor a DCI in the downlink with the same RNTI on the same PDCCH search space and this results in an RNTI collision or ambiguity unless some remedy is adopted. The reason of RNTI collision is that all UEs’ RNTI calculations (from the above equation) are based same values for the parameters s_id, t_id and f_id. So RNTIs belonging to different partitions cannot be differentiated when network sends the downlink responses.
[image: ]
   			Figure 1. Two partitions for 4-step RACH having same starting OFDM symbolin a slot

In this contribution, two possible solutions are discussed as described below.
Solution 1: Introduce a configurable offset(s)
For the legacy equation, consider an example where t_id = 0, f_id =0 and  ul_carrier_id = 0. Then the RA-RNTI equation collapses to:
RA-RNTI = 1 + s_id;	where 0 ≤ s_id < 14
As can be seen from this simple example, there are 14 OFDM symbols in a slot or PRACH occasion, resulting in 14 different RNTIs. However, in most of the PRACH configurations, only one starting OFDM symbol is designated in every slot/PRACH occasion, for example see Table 6.3.3.2-2 [2]. This means that we only ever use one RNTI out of 14 RNTIs in a slot or in other words there are up to 13 unused RNTIs in a slot in most of the cases. 
The above issue of RNTI collisions can be resolved by introducing a configurable offset for the symbol index (s_id) in the legacy RNTI equation. The offset will shift the s_id into another unused symbol index. This will increase the number of available RNTIs as well as avoiding RNTI collisions for different separate partitions. So, it should be possible for the network to configure each PRACH partition to a unique “available” offset of s_id.
Furthermore, a configurable offset can be introduced to the slot index (0 ≤ t_id < 80) of the legacy RNTI equation because some the slots in a radio frame may not have PRACH configurations and therefore the RNTIs of these slots can be reused, similar to the symbol index (s_id) described above. In this case, the offset will shift the t_id into another unused slot index.

Solution 2: To configure a specific search space for each RACH resource partition 
Different search spaces can be configured for different partitions (as discussed in the email discussion [3]), meaning that network maps and allocates each partition to a separate search space (i.e., one to one mapping). When network receives preamble transmission corresponding to a specific partition from the UE, the network maps the downlink response to the corresponding search space. The UE also knows which search space to monitor for RAR/MSGB.


Comparing the two solutions:
Solution 2 allows as many search spaces as the number of partitions which may be impractical due to limited CORESET0 resource/space. It should be noted that search spaces have monitoring periodicity and offset, so if a lot of search spaces are allowed in the associated CORESET0, the search spaces will overlap, and this overlap may cause RNTI collisions as well as making difficult for the gNB to achieve scheduling flexibility. So before agreeing this solution, RAN1 must be consulted to check if it is visible.
It is our understanding also that this Solution 2 has not been agreed for SDT as some companies claimed in the email discussion [3]. The agreement was relating for a UE to monitor a separate search space where the PDCCH is addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
Observation 1: If a separate search space for each RACH resource partition is allowed, there will be as many search spaces as the number of partitions, and therefore the search spaces will overlap, and this overlap may cause RNTI collisions as well as making difficult for the gNB to achieve scheduling flexibility. Hence, RAN1 must be consulted.
Solution 1 just provides configurable offset(s) to either s_id or t_id or both, and it can easily be added in the PRACH configuration parameters, hence Solution 1 does not need a separate search space for each partition. The specification is also in RAN2 domain and RAN1 does not need to be involved. Therefore, it is simple to be adopted this solution. In our view, this simple solution is preferable.
Observation 2: If a configurable offset is allowed for each RACH resource partition, it can be easily added in the PRACH configuration parameters and there is no RAN1 impact (i.e., only RAN2 can decide it).
Proposal 1: Simply introduce RRC configurable offsets for the symbol index (s_id) and the slot index (t_id) in the legacy RNTI equation (i.e., Solution 1) as a part of PRACH resource configuration for each separate partition. The legacy PRACH resource configuration should assume an offset = 0 for s_id and t_id.

3. Conclusions
In this contribution, we have discussed the issue of RNTI collisions between UEs transmitting on different PRACH partitions (e.g., for 4-step RACH) corresponding on different features where PRACH partitions locate on the same slot of the same BWP, and we have the following proposals:
Observation 1: If a separate search space for each RACH resource partition is allowed, there will be as many search spaces as the number of partitions, and therefore the search spaces will overlap, and this overlap may cause RNTI collisions as well as making difficult for the gNB to achieve scheduling flexibility. Hence, RAN1 must be consulted.
Observation 2: If a configurable offset is allowed for each RACH resource partition, it can be easily added in the PRACH configuration parameters and there is no RAN1 impact (i.e., only RAN2 can decide it).
Proposal 1: Simply introduce RRC configurable offsets for the symbol index (s_id) and the slot index (t_id) in the legacy RNTI equation (i.e., Solution 1) as a part of PRACH resource configuration for each separate partition. The legacy PRACH resource configuration should assume an offset = 0 for s_id and t_id.
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