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Introduction
In RAN2#99 The following agreement was made:
-	Details of RA-RNTI calculations are FFS
In RAN1, several relevant agreements which may impact RA-RNTI have been made. In RAN1#88,
At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
In RAN1#88bis, the following agreements were made
The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are
· For frequency range up to 3 GHz, the maximum number of SS-blocks, L, within SS burst set is [1, 2, 4]
· For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L, within SS burst set is [4, 8]
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
This contribution discusses how to generate the RA-RNTI to enable a sufficient number of preambles and to enable reuse of the RAPID 6-bit format in the RAR sub header.
[bookmark: _Ref178064866]Discussion
As agreed in RAN1#88, the UE is able to indicate SS block index of the best SS block (i.e. indicating the best DL beam from the gNB) with the preamble. Since there may be up to 64 SS blocks in a high frequency scenario, it is clear that allocating only 64 different preambles per cell as in LTE will not be sufficient since the preamble will also be used to indicate other things such as
-	Contention based with request for MSG3 size less than a defined threshold 
-	Contention based with request for MSG3 size larger than a defined threshold 
-	Contention free for beam recovery request
-	Contention free for SI request 
-	Contention free for handover
-	Contention free for uplink based positioning
The SS block indication would in high frequency scenarios consume the entire preamble space in case only 64 preambles are used. 
[bookmark: _Toc492558068][bookmark: _Toc492639309][bookmark: _Toc493857748][bookmark: _Toc494099541][bookmark: _Toc494273989][bookmark: _Toc494360733][bookmark: _Toc494411222]Allocating only 64 preambles in NR will not be sufficient to indicate both best SS block index and other agreed and/or discussed features.
Fortunately, it is possible to define and configure a larger number of preambles. The key is to define the preamble not only using cyclic shifts and root index as in LTE, but also allow time and frequency in the preamble definition. In the RAN1 contribution [1], several examples are given. One example is a set of NR-RACH preamble sequences in a cell is determined in the order of
1.	the available cyclic shifts of a root Zadoff-Chu sequence
2.	increasing time allocation within a slot
3.	increasing root index
4.	increasing frequency allocation
5.	increasing slot index
With proper configuration of the parameters 1-5, the number of preambles can be made sufficiently large, and partitioning of the preamble space could be done to handle the both SS block indication and e.g. msg3 size indication as well as the contention free cases listed above.
[bookmark: _Toc493857749][bookmark: _Toc494099542][bookmark: _Toc494273990][bookmark: _Toc494360734][bookmark: _Toc494411223]By using a flexible preamble definition including also time and frequency resource, it will be possible to allocate a sufficient number of preambles to indicate the agreed features with preambles.
From a RAN2 perspective, the exact definition or generation of preambles is unimportant and should be left to RAN1. For the MAC layer, it is enough to obtain a list of preamble indices and their mappings to SSBs, preamble groups, requests for SI etc.
If more than 64 preambles are allocated, the RAPID field (of 6 bits) in the RAR MAC sub header would not be sufficient to represent the different preambles that the UE can transmit. Figure 6.1.5-1 from 3GPP TS 36.321 e20 indicate the MAC sub header design for LTE. In the figure, E is the extension file which indicates if more fields are present in the MAC header or not. T is the type field which indicates whether the MAC sub header contains a Random Access ID or a Backoff Indicator. RAPID is the 6 bit Random Access Preamble Identifier field which identifies the transmitted Random Access Preamble.


Figure 6.1.5-1: E/T/RAPID MAC subheader
There are different ways to make the RAPID field to be able to indicate more than 64 preambles. 
A straightforward approach would be to increase the RAPID field to more than 6 bits. This would have the drawback that the RAR sub header could not fit in one byte, and since the sub headers should preferably be byte aligned, increasing the RAPID would lead to considerable overhead.
Since the RAPID together with the RA-RNTI is used to indicate to the UE that its preamble transmission has been received by the gNB, another option is possible by keeping the 6 bit RAPID unchanged and instead redesign the RA-RANTI. This can be done by including the SS block index in the RA-RNTI definition. This would make it possible to indicate 64 preambles per SS block with the RAPID. The RA-RNTI could for example be defined by
RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id
Where t_id is the slot in the radioframe (maximum 80 NR when SCS is 120 kHz) when the NR-RACH preamble was detected by gNB, SSB_index is the index indicated by the preamble. i.e. the strongest beam that the UE detected (maximum 64 in case of frequency range above 6GHz) and f_id is the index of the specified PRACH within that slot. 
Compared to LTE, where the RAPID has a one-to-one association with the preamble, the above given RA-RNTI formula will give a one-to-many mapping between the RAPID and the preamble. The one-to-one mapping between RAPID and preamble is only valid within SS block index.

[bookmark: _Toc492632676][bookmark: _Toc492639316][bookmark: _Toc494099544][bookmark: _Toc494099568][bookmark: _Toc494273993][bookmark: _Toc494274697][bookmark: _Toc494283201][bookmark: _Toc494360737][bookmark: _Toc494411224]Define the RA-RNTI by RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id, where t_id is the slot, SSB_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
An example of how the preamble index can be determined based on the RA-RNTI and RAPID is explained in Figure 1, where for the sake of discussion, we assume that 128 preambles and two SS blocks are configured.
[image: ]
[bookmark: _Ref494096755]Figure 1 Example of preamble configuration with two SSBs and 64 preambles each. The ith preamble in each SSB corresponds to the same RAPID.
Assume further that preamble 1-64 indicate SSB 1 and preamble 65-128 indicate SSB 2. Then e.g. RAPID 000001 could indicate both preamble 1 and preamble 65, but with different scrambling settings based on RA-RNTI. The RA-RNTI for these preambles would be different and since the RAR is scrambled by the RA-RNTI of the preamble, the UE will know if the preamble 1 or 65 is acknowledged by the RAR with RAPID 000001. The same principle holds for the other preambles, i.e. the ith preamble in every SSB has the same RAPID. Hence, by using the RA-RNTI definition in proposal 1 and the 6 bit RAPID where ith preamble in every SSB has the same RAPID, any preamble can be identified by the RA-RNTI and RAPID. Expressed in a more mathematical notation and assuming equal number of preambles configured for each SSB, the preamble id is derived from the RAPID as the preamble id which satisfies
RAPID = preamble id Modulo(number of preambles per SSB)
Therefore, we propose the following. 
[bookmark: _Toc494099545][bookmark: _Toc494099569][bookmark: _Toc494273994][bookmark: _Toc494274698][bookmark: _Toc494283202][bookmark: _Toc494360738][bookmark: _Toc494411225]As in LTE, the RAPID field in the RAR sub header has 6 bits.
[bookmark: _Toc494099546][bookmark: _Toc494099570][bookmark: _Toc494273995][bookmark: _Toc494274699][bookmark: _Toc494283203][bookmark: _Toc494360739][bookmark: _Toc494411226]The ith preamble in every SSB has the same RAPID in the RAR sub header.
[bookmark: _Toc494273996][bookmark: _Toc494274700][bookmark: _Toc494283204][bookmark: _Toc494360740][bookmark: _Toc494411227]For a given SSB, the preamble id is derived from the RAPID as the preamble id which satisfies: RAPID = preamble id Modulo(Number of preambles per SSB)
The RAR definition will have implications on which RARs that can be multiplexed. As in LTE, only RARs with the same RA-RNTI can be multiplexed. Defining the RAR using SSB index will also restrict the multiplexing of RARs to those preambles that indicate the same SSB index. However, this will be no issue since preambles indicating different SSB indices would anyway be sent on different beams, and multiplexing of them would not be possible.
A text proposal covering these proposals can be found in [2].
[bookmark: _Toc347822667][bookmark: _Toc347823813][bookmark: _Toc347823994][bookmark: _Toc347824245][bookmark: _Toc492558070]Conclusion
In section 2 we made the following observations:
Observation 1	Allocating only 64 preambles in NR will not be sufficient to indicate both best SS block index and other agreed and/or discussed features.
Observation 2	By using a flexible preamble definition including also time and frequency resource, it will be possible to allocate a sufficient number of preambles to indicate the agreed features with preambles.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Define the RA-RNTI by RA-RNTI = 1 + t_id + 80*SSB_index + 80*64 * f_id, where t_id is the slot, SSB_index is the index indicated by the preamble and f_id is the index of the specified PRACH.
Proposal 2	As in LTE, the RAPID field in the RAR sub header has 6 bits.
Proposal 3	The ith preamble in every SSB has the same RAPID in the RAR sub header.
Proposal 4	For a given SSB, the preamble id is derived from the RAPID as the preamble id which satisfies: RAPID = preamble id Modulo(Number of preambles per SSB)
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