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1. Introduction
NR will be deployed in a wide range of frequencies and the coverage of NR cells should be same or better than that of LTE. Msg3 size is a bottleneck to achieve this coverage. Coverage of Msg3 depends on payload size of Msg3 and RAN1 has indicated in [1] that a payload size of 56 bits is the limit to achieve the same coverage as LTE. 
Given this, RAN2 protocol design should accommodate transmission of Msg3 payload within this limit of 56 bits to satisfy the coverage requirements and hence RAN2 has requested RAN3 to investigate the potential reduction of the I-RNTI size (specifically the minimum number of bits for the gNB ID) [3]:  

	1. Overall Description:
RAN2 would like to inform RAN3 that during the discussion of reducing the msg3 size (RRC Connection Resume) in order to be able to fit into a suitable TBS size, to reduce the I-RNTI (gNB+UE ID) size might be one potential optimization as currently the maximum gNB ID is 32 bits, which is 12 bits longer than legacy LTE. 

RAN2 therefore wonders what would be the minimum number of (MSB) bits out of 32 bits for gNB ID could be used to find other gNB to retrieve the context. 

2. Actions:
To RAN3
ACTION: RAN WG2 would like to ask RAN3 to investigate what is the minimum number of (MSB) bits RAN3 see as feasible to be used to retrieve the context from the other gNB.


In this contribution we discuss various means to reduce the payload size of Msg3 for Resume and propose a way forward to minimise the I-RNTI size.  
2. Discussion
In [2], the payload size of Msg3 for connection establishment and resume have been studied and the following observations can be made: 

Observation 1: RRCReestablishmentReq can fit within the 56-bit Msg3 container 

Observation 2: RRCConnectionReq can be made to fit within the 56-bit Msg3 container (assuming either transmission of part of 5G-S-TMSI in Msg3 or using a random number for UE-ID in Msg3 – see [3])

Observation 3: RRCResumeReq requires 72 (assuming a gNB-ID of 20 bits) to 84 bits (assuming a gNB-ID of 32 bits) of payload and hence does not fit within the 56-bit container. 

Based on the above, as asked in [3], it is clear that we need to investigate mechanisms to further reduce the size of I-RNTI. One option to reduce the size of I-RNTI is to use truncation of the I-RNTI. The final size of the truncated I-RNTI should be 24 bits in order for it to fit in the 56-bit Msg3 container. Even with a 20-bit gNB-ID, it is clear that RRCResumeReq doesn’t fit with in the 56-bit container. So, in any case, truncation is needed. So, we propose the following: 
Proposal 1: I-RNTI truncation (to reduce its size to 24 bits) is adopted to ensure that the payload size for RRCResumeReq fits in a 56-bit Msg3 container.

When the I-RNTI is truncated, there is an ambiguity in identifying the RAN node which holds the UE context or identifying the UE context within the RAN node. However, the right UE context can still be retrieved by the target node, e.g. by sending Context Retrieval request to multiple source nodes and each source node attempting to find the matching UE context within the memory by an exhaustive search using the matching MAC-I. However, clearly this comes at an additional penalty (i.e. increase in signaling load over the network interfaces and/or increased processing load at the network node). 

Observation 4: Truncated I-RNTI can be used to retrieve UE context from the source gNB, however, this comes at an additional cost of increased signaling load on the network interfaces and/or increased processing load on the gNB

Unlike LTE, NR will be deployed in a much wider range of frequencies. Thus, the cell sizes in NR may be drastically different and varied. Hence, in NR a given RAN area may contain only a few large cells or a very large number of small cells.

In a small cell, the number of UEs present at any given time may be small whilst in a large cell, the number of UEs may be large. Hence, the address space required for UE-ID clearly depends on the deployment scenario. Further, the address space to identify the gNB-ID in a RAN area will also depend on the deployment scenario for the same reasons. Hence, the network should be able to control how the UE truncates the I-RNTI. This is important because a fixed truncation method would result that is not tailored for the deployment scenario will result in penalties as noted in observation 4. 

Observation 5: In NR, a given RAN area may comprise a very few large-sized cells (requiring a larger UE-ID space) or a very large number of small-sized cells (requiring a smaller UE-ID space). It should be noted that in any deployment, maximum 32 bit gNB size and maximum 20 bit UE size are not likely to be needed simultaneously.

Observation 6: A fixed truncation method as in LTE is not suitable for all deployment scenarios and hence we need a method where the network should control if and how to truncate the I-RNTI in the network. 

The truncation of I-RNTI involves selecting a subset of bits from gNB-ID and/or a subset of bits from UE-ID and it can be assumed that the truncation strategy is same within a RAN area. Hence, it is proposed that a parameter indicating how the UE shall truncate the I-RNTI shall be included in a RAN area specific system information. One possible way to control the truncation is to indicate for instance a single parameter (e.g. the truncation-offset: “X” as shown in Figure 1) which indicates to the UE which part of I-RNTI shall be included in Msg3. 
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[bookmark: _Ref513116306]Figure 1: Truncation of I-RNTI using a variable offset signaled by the network
So, based on the above we make the following additional proposals. 
Proposal 2: It is feasible to reduce the I-RNTI size from 52 bit to 24 bit by a truncation method, by signaling truncation-offset like parameter to the UE.
Proposal 3: In order to finalize the signaling details, a draft Reply LS [4] should be discussed and then sent to RAN2.

3. Conclusion and proposals
Based on the above analysis, the following observations and proposals are provided.
Observation 1: RRCReestablishmentReq can fit within the 56-bit Msg3 container 
Observation 2: RRCConnectionReq can be made to fit within the 56-bit Msg3 container (assuming either transmission of part of 5G-S-TMSI in Msg3 or using a random number for UE-ID in Msg3 – see [3])
Observation 3: RRCResumeReq requires 72 (assuming a gNB-ID of 20 bits) to 84 bits (assuming a gNB-ID of 32 bits) of payload and hence does not fit within the 56-bit container. 
Observation 4: Truncated I-RNTI can be used to retrieve UE context from the source gNB, however, this comes at an additional cost of increased signaling load on the network interfaces and/or increased processing load on the gNB
Observation 5: In NR, a given RAN area may comprise a very few large-sized cells (requiring a larger UE-ID space) or a very large number of small-sized cells (requiring a smaller UE-ID space). It should be noted that in any deployment, maximum 32 bit gNB size and maximum 20 bit UE size are not likely to be needed simultaneously.
Observation 6: A fixed truncation method as in LTE is not suitable for all deployment scenarios and hence we need a method where the network should control if and how to truncate the I-RNTI in the network. 
Proposal 1: I-RNTI truncation (to reduce its size to 24 bits) is adopted to ensure that the payload size for RRCResumeReq fits in a 56-bit Msg3 container.
Proposal 2: It is feasible to reduce the I-RNTI size from 52 bit to 24 bit by a truncation method, by signaling truncation-offset like parameter to the UE.
Proposal 3: In order to finalize the signaling details, a draft Reply LS [4] should be discussed and then sent to RAN2.

The following TP can be seen as an example on how to signaling truncation-offset.
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5. Text Proposal 38.423 V080
[bookmark: _Toc510738752]9.2.2.X	I-RNTI
The I-RNTI IE is used to address a UE Context within an gNB.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE I-RNTI
	M
	
	
	

	>I-RNTI not truncated
	
	
	
	

	>>I-RNTI not truncated
	M
	
	BIT STRING (SIZE (40))
	40 bit Resume Identity contained in the RRCConnection ResumeRequest message (TS 38.331 [10]).

	>>I-RNTI Offset
	
	
	INTEGER (1..32)
	This IE indicates the most significant bits refer to the gNB ID of the gNB that allocated the I-RNTI, the rest bits indicates the least significant bits identify the UE Context stored at the gNB that allocated the I-RNTI.

	>I-RNTI truncated
	
	
	
	

	>>I-RNTI truncated
	M
	
	BIT STRING (SIZE (24))
	24 bit Resume Identity contained in the RRCConnection ResumeRequest message (TS 38.331 [10]).

	[bookmark: _GoBack]>>I-RNTI Offset
	
	
	INTEGER (1..16)
	This IE indicates the most significant bits refer to the gNB ID of the gNB that allocated the I-RNTI, the rest bits indicates the least significant bits identify the UE Context stored at the gNB that allocated the I-RNTI.



6. Annex – calculation of Resume message size
Table 1: Size of MSG3 for RRC Connection Resume Request in NR
	IE
	Size (bit)
	Notes

	Structure of the message
	3
	Indicates the RRC message type and structure

	I-RNTI
	40 to 52 bits

	The I-RNTI includes the gNB ID + UE ID. gNB ID identifies the gNB which has the stored UE context. UE ID identifies the UE context within this gNB.

The gNB ID is 32 to 20 bits long whereas the UE ID is 20 bit long.

	shortResumeMAC-I
	16
	Truncated MAC-I similar to LTE resume

	resumeCause
	4 bits
	3 bits may be sufficient (tbd)

	Spare
	1 bit
	

	MAC header
	8 bits
	Assuming UP can agree to drop the length field in this case

	Total
	72 to 84 bits
	An I-RNTI of 24 bits will ensure that the total size is 56 bits
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