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1
Introduction

After the RAN#71 meeting, a new SI was agreed followed by the WI [1], with the main objective of developing a new radio access technology. One of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. To address this goal RAN WG2 has introduced so-called RRC_INACTIVE state.
To be able to identify a UE in the RRC_INACTIVE state, a new network identity is needed so that the network is able to know which gNB holds the UE context and the UE context ID. The new identity is called I-RNTI as per latest version of the TS 38.300 specification. 
Even though RAN WG2 captured the basic principle that two UE network identities will be used – C-RNTI and I-RNTI – there was no discussion on the size of I-RNTI. In this paper we present our initial considerations on how many bits I-RNTI could take accounting for the most anticipated NR deployment use cases and usage scenarios. 
2
I-RNTI network identity  
I-RNTI identity is used to locate UE context in another gNB and it conveys information on the gNB ID and the UE context in that gNB. Logically, the purpose of this identity is identical to U-RNTI in the UMTS system and ResumeID in NB-IoT.

In case of the UMTS system the U-RNTI size is 32 bits, which has been fully sufficient to encode the RNC ID and the corresponding UE context. Since a particular RNC embraces a number of nodeBs with connected UEs, it is enough to partition the ID space so that fewer bits are allocated for the RNC ID and more bits are allocated to the UE context. 
In case of LTE, the ResumeID size is 40 bits, which was partially motivated by the fact that there is no RNC entity in the EPC architecture and as a result we need to encode more eNBs. The ResumeID is partitioned in such a way that 20bits are allocated for the UE ID and remaining bits encode the eNB information.

Referring to NR, it is not clear which deployment architecture will prevail, UMTS-like with CU/DU or LTE-link with individual base station, but it could be the case that both options will exists aiming at different scenarios and deployment cases. As a result, the I-RNTI size and structure, i.e. partitioning between the gNB/CU ID and the UE context ID, should be able to address both cases. It is also worth noting that I-RNTI size will impact implicitly the UL cell coverage because the corresponding identifier will be included into the request message during e.g. the resume procedure. The larger the I-RNTI identifier is, the larger the request message becomes requiring high order modulation and coding schemes, which in turn shrink the cell UL coverage. 
Referring the to the latest RAN WG3 agreements [2], the gNB ID has flexible length between 22 bits and 32 bits in 1-bit steps (11 values) to accommodate different deployment scenarios. In principle, it means that if we consider 40bits as a starting point for the I-RNTI size, then with 22 bits allocated for the gNB ID we still have 18bits available for the UE ID, i.e. up to 262,144 UE IDs can be addressed by a particular gNB. Of course, if the gNB ID occupies 32bits, then only 8 bits remains for the UE ID that gives room only for 255 UE IDs. However, our view is that 32bits will be used only for certain extreme cases, such as pico/femto deployments, in which the aforementioned gNBs do not even use to support that number of connections. 
Of course, one could argue that having 40bits for I-RNTI seems too small and is not future proof [3]. It indeed could be safer to allocate e.g. 50 bits to I-RNTI so that 18bits would be available for UE ID even if 32 bits gNB is used. However, a larger I-RNTI size does not come for free and will result in a larger MSG3 size, which in turn will compromise the UL coverage [4]. 
3 Conclusion
In this discussion paper we have presented our further considerations on the size of I-RNTI UE identity. According to the preliminary analysis, the I-RNTI size could be larger than ResumeID 40bits, but we need to devise and assess carefully how many bits it should be to have a good trade-off between the flexibility and effective UL coverage. Thus, 40bits could be considered as a good baseline value for the I-RNTI size.
Proposal 1:
The minimum I-RNTI size is 40 bits.

Proposal 2:
A larger I-RNTI size should be assessed carefully to avoid compromising the UL coverage.
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