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1. Introduction 
For Rel-16 WI of 2-step RACH, there are two steps:

1)  UE transmits msgA to the network which carries a random-access preamble and data (PUSCH). This is conceptually a combination of Message 1 and 3 of 4-step RACH.

2)  Network/gNB transmits msgB with an RNTI where the contents are similar to Message 2 and 4 of 4-step RACH.

In the recent discussions of 2-Step RACH, some of the agreements in RAN2 are as follows:
· Legacy UEs are not required to decode msgB, and 
· RAN2 will work on specifying a new RA-RNTI design for msgB. 
· A “fixed” offset is added to the RA-RNTI formula to extend the RA-RNTI space.  
· 2-step CFRA is configured only on BWP where 2-step CBRA is configured.
· In case of 2-step CFRA, once MSGA is transmitted the UE monitors MSGB-RNTI (in addition to C-RNTI – i.e. same as CBRA).
· For 2-step CFRA (at RAN2#109e): 

· Support dedicated msgA PUSCH resources, i.e non-shared msgA PUSCH resources between CFRA and CBRA. 

· For dedicated msgA PUSCH resources, the full msgA PUSCH configuration is signaled in RACH-ConfigDedicated

· Dedicated msgA PRACH occasions are optionally configured for 2-step CFRA. If not configured, msgA PRACH occasions for 2-step CBRA are used.

Based on the above agreements (marked with yellow colour), dedicated msgA PRACH occasions for CFRA of 2-step can only be configured on a BWP where CBRA of 2-step RACH is configured. Therefore, when the occasions of CFRA and CBRA have the same starting OFDM symbol on the same slot of the BWP, their RNTI cannot be differentiated, hence resulting an RNTI collision or ambiguity. 

In this contribution, we discuss how to resolve the ambiguity of RNTIs for CFRA and CBRA of 2-step RACH when their occasions have the same starting OFDM symbol and are located on the same slot of the same bandwidth part (BWP) of a cell. 

This tdoc is a resubmission of R2-2002668.

2. msgB-RNTI ambiguity for CFRA and CBRA of 2-Step RACH  
As shown on Figure 1, CFRA and CBRA 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. From this figure, UE1 and UE2 have the same active BWP, but although the two RACH occasions occur in separate physical frequencies, the f_id values for the two ROs are the same. Hence, after UE1 and UE2 have transmitted PRACH on their corresponding uplink ROs, they will monitor a DCI in the downlink with the same RNTI in the same PDCCH search space and this results in an RNTI collision or ambiguity (i.e. a UE receives wrong response intended for other UE) unless some remedy is adopted.
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   Figure 1. FDM multiplexing of CFRA and CBRA occasions with same starting OFDM symbol in a slot
The main problem is that the index of the first OFDM symbol for both CFRA and CBRA occasions is the same.  

The current msgB-RNTI equation is as follows [5]:
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 subclause 5.3.2 in TS 38.211, 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).
We observe that there are a lot of unused RNTIs from the msgB-RNTI space and think that these un-used RNTIs could be re-used for CFRA of 2-step RACH.

For the above equation, consider an example where t_id = 0, f_id = 0 and ul_carrier_id = 0. Then the msgB-RNTI equation collapses to:

msgB-RNTI = 1+ 14 × 80 × 8 × 2+ s_id; 
where 0 ≤ s_id < 14

As can be seen from this simple example, there are 14 OFDM symbols in a slot, 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 [6]. This means that we only 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. 

In addition, it is possible to have two or more PRACH occasions on the same slot for 4-step RACH with different starting symbols depending on the PRACH Configurations, for example see Table 6.3.3.2-4 [6], also illustrated on the right side of Figure 1 above. But even for this case, there are still a good number of unused RNTIs available in each slot.
In order to reuse these unused RNTIs in a slot for CFRA, an offset can be introduced from the starting OFDM symbol of the PRACH occasion for CFRA. This offset value is only used in the msgB-RNTI equation (see below) and the actual starting OFDM symbol of the PRACH occasion for CFRA will not be changed. This offset can be configurable and should be signalled to the UE while in connected mode.

Furthermore, it is also possible to introduce a slot offset (0 ≤ t_offset < 80) in case the slot index before or after the current slot does not contain PRACH occasion/resources.
The msgB-RNTI equation for CFRA can be modified as follows:


msgB-RNTI-CFRA = 1 + s_new_id + 14 × t_new_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id+ 14 × 80 × 8 × 2;
where s_new_id = (s_id + s_offset) modulo 14, and s_offset is an offset value (0 < s_offset < 14) from the legacy starting OFDM symbol s_id, and t_new_id = (t_id + t_offset) modulo 80, and t_offset is an offset value (0 ≤ t_offset < 80) from the legacy slot index with PRACH occasion t_id. Other parameters can be same as defined by the legacy equation for msgB-RNTI.
Based on the above equation, at least for the cases of FDM multiplexing on the same slot where starting OFDM symbols are the same for both CFRA and CBRA, the RNTI generation for CFRA will be different due to the offset values. In this case, the network should decide and configure offset values such that the msgB-RNTI for CFRA would be different from CBRA.

The advantage of the above equation is that it does not increase the range of the RNTI-space as it just re-uses some of the unused RNTIs within the existing RNTI-space of 2-step RACH.

Proposal 1: Differentiate between RNTI for CFRA and RNTI for CBRA in Rel-16 by employing offset values of symbol index (s_offset) and slot index (t_offset) into the equation of msgB-RNTI as follows:


msgB-RNTI-CFRA = 1 + s_new_id + 14 × t_new_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id+ 14 × 80 × 8 × 2;
where s_new_id = (s_id + s_offset) modulo 14, and s_offset is an offset value (0 < s_offset < 14) from the legacy starting OFDM symbol s_id, and t_new_id = (t_id + t_offset) modulo 80, and t_offset is an offset value (0 ≤ t_offset < 80) from the legacy slot index with PRACH occasion t_id. Other parameters can be same as defined by the legacy equation for msgB-RNTI.
Proposal 2: The offset values of symbol index (s_offset) and slot index (t_offset) for CFRA are configurable and signalled to the UE while in RRC connected mode.

3.  Conclusions

In this contribution, we have discussed how to resolve the ambiguity of RNTIs for CFRA and CBRA of 2-step RACH when their PRACH occasions have same starting OFDM symbol and are located on the same slot of the same bandwidth part (BWP) of a cell. We have the following proposals:

Proposal 1: Differentiate between RNTI for CFRA and RNTI for CBRA in Rel-16 by employing offset values of symbol index (s_offset) and slot index (t_offset) into the equation of msgB-RNTI as follows:


msgB-RNTI-CFRA = 1 + s_new_id + 14 × t_new_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id+ 14 × 80 × 8 × 2;
where s_new_id = (s_id + s_offset) modulo 14, and s_offset is an offset value (0 < s_offset < 14) from the legacy starting OFDM symbol s_id, and t_new_id = (t_id + t_offset) modulo 80, and t_offset is an offset value (0 ≤ t_offset < 80) from the legacy slot index with PRACH occasion t_id. Other parameters can be same as defined by the legacy equation for msgB-RNTI.
Proposal 2: The offset values of symbol index (s_offset) and slot index (t_offset) for CFRA are configurable and signalled to the UE while in RRC connected mode.
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