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1
Introduction

When RAN decides to move a UE into the RRC_INACTIVE state, it assigns so-called I-RNTI identifier that the UE uses during the "resume" procedure, i.e. when a UE receives a paging message or when it has UL data to send. Practically speaking, I-RNTI just identifies UE contacting RAN so that the latter can take the corresponding actions, such as fetching the UE context if needed, making a decision how to proceed, etc.

It is worth noting that the first step in the "resume" procedure is the RRC message sent by the UE over the CCCH channel, which means that this message cannot be segmented. In other words, this message must fit the transport block, size of which cannot be large as it impacts immediately the effective UL coverage. During the RAN2#101bis meeting, a discussion took place that aimed to analyse the anticipated MSG3 size, whereupon companies concluded that MSG3 size should be kept within certain limits to avoid compromising UL coverage [3]. As for the "resume" procedure, the biggest contributor to the final size is the I-RNTI identifier, length of which was agreed to be 52 bits accounting for the maximum gNB ID size and the number of UEs that we would need to address in the RRC_INACTIVE state. As 52 bits was concluded to be too large, the corresponding LS document was sent to RAN WG3 to check whether gNB ID size can be reduced.  

In this discussion paper we take the overall system view at the I-RNTI size by analysing how many bits can/should be allocated for gNB ID, what a typical partitioning could be, etc. 
2
I-RNTI size
Before delving into the details of the I-RNTI size, it is worth noting that a similar concept already exists for the LTE NB-IOT framework, for which so-called RESUME_ID was introduced. Despite its name, it serves the same purpose, i.e. it is allocated by RAN to the UE and the latter uses it upon the resume procedure. In LTE, the RESUME_ID is 40bits, logically comprising 20bits eNB ID and 20bits UE ID. Nevertheless, the exact partitioning between the gNB ID part and the UE ID part is not known to the UE. For NR, the same principle was followed when a decision was made to allocate 52bits for I-RNTI. As the maximum gNB ID size is 32bits, the 20bits UE ID part was added.

Observation 1a:
In LTE, the RESUME_ID is 40bits, logically comprising 20bits eNB ID and 20bits UE ID part. 

Observation 1b:
For NR, I-RNTI was agreed to be 52bits, logically comprising 32bits gNB ID and 20bits UE ID part. 
Since there is a common view that I-RNTI size should be reduced to minimize MSG3 size, then we need to understand how much we can compromise on the UE ID part and the gNB ID part. Before delving into the details of each part, it is worth emphasizing that exact partitioning between the gNB ID and UE ID is not visible to the UE, and thus certain network implementations can decide flexibly how many bits should be allocated. Of course, it will be not possible to address the maximum number of UEs with the maximum gNB ID size, but a particular network deployment can find a suitable trade-off. Furthermore, it can be argued that even 20bits is not enough for the UE ID part, and thus even I-RNTI of 52bits is not large.
Observation 2a:
The exact partitioning between the gNB ID and UE ID is not known to the UE.

Observation 2b:
A particular network deployment/implementation can choose a suitable trade-off on how many UEs it should be able to address in RRC_INACTIVE versus the maximum gNB ID size used in the system.

With the aforementioned considerations in mind, one can argue that 40bits I-RNTI size can be used for NR. In fact, even if a certain deployment uses 32bit gNB ID, then still 8bits remain for the UE ID. Of course, it will allow RAN to address only 256 RRC_INACTIVE UEs, but the system will work as RAN can always move some UEs into the RRC_IDLE state. So, conceptually it does not matter how many bits we allocate for the UE ID part – the RAN implementation should be ready to handle a case when for some reason it runs out of UE ID space and as a result UEs will be sent to the RRC_IDLE state.
Observation 3a:
Conceptually, it does not matter how many bits we allocate for the UE ID part as the network may in principle run out of the available ID space.

Observation 3b:
If the network does not have a spare I-RNTI value, it can always send a UE to RRC_IDLE. 

As for the gNB ID part, RAN WG3 decided to have the maximum gNB ID of 32bits to address deployment cases with an immense number of base stations; however, the actual range for the gNB ID size is 22..32 bits as can be seen from TS 38.401. It is a good question on whether the maximum gNB ID size will be always needed and used. Referring to our previous considerations, if 28bits gNB ID is used, then 12bits will be available to the UE ID part (with an assumption that overall I-RNTI size is limited to 40bits), which can address up to 4K UEs in RRC_INACTIVE. Similarly, up to 65K UEs can be addressed with 16bits UE ID if the gNB ID is set to 24bits. As noted earlier, a particular network deployment can allocate even more bits for the UE ID part if so needed. In general, for the CU/DU deployments we anticipate more UEs to be under control of a particular CU, but the total number of CUs will be noticeably less than the corresponding number of all-in-one deployments. Thus, fewer bits for the gNB ID is needed in this case. On the contrary thereto, all-in-one deployments we will need fewer bits for the UE ID part as fewer UEs will be under the control of each unit. 
Observation 4:
If gNB ID size is set to  the minimum size of 22bits, then we can have 18bits for the UE ID part (with an assumption that overall I-RNTI size is limited to 40bits) that can address up to 262K UEs.

Based on the presented considerations, we in principle can afford having 40bits I-RNTI even without changing RAN WG3 agreements on the maximum gNB ID size of 32bits because the network can choose flexibly gNB ID size in range of 22.32 bits. Of course, if there is a common understanding that 32bit is too large number, it can be reduced further to e.g. 28 bits. 
Proposal 1:
I-RNTI can be reduced to 40bits even without changing current RAN WG3 agreements.
Proposal 2:
If needed, RAN WG3 can revise its agreement on the maximum gNB ID size and reduce it to e.g. 28bits.

3 Conclusion
In this discussion paper we have presented our further considerations of the I-RNTI size and how many bits can be allocated to the gNB and UE ID parts. As RAN WG2 has a strong preference to keep MSG3 size as small as possible, we cannot afford having I-RNTI size of 52bits, and thus it should be reduced. Based on preliminary RAN WG2 discussions, I-RNTI size should be ideally as small as LTE RESUME_ID, i.e. 40bits. As extensively elaborated in our paper, it puts a limitation on how many RRC_INACTIVE UEs we can address. However, since RAN can decide how many bits are allocated to the gNB and UE ID parts, it should not be a big issue.

As a summary of our paper we propose that:

Proposal 1:
I-RNTI size can be is reduced to 40bits even without changing current RAN WG3 agreements.

Proposal 2:
If needed, RAN WG3 can revise its agreement of the maximum gNB ID size and reduce it to e.g. 28bits. 
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