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Introduction
This contribution evaluates the content and size of MSG3 in NR to be able to provide a size estimate to RAN1 for the physical layer design. This contribution is a revision of R2-1802638, with updates pertaining to size of I-RNTI agreed to 52 bits in last RAN 2 meeting. The size of PHR is corrected to 2 bytes compared to 1 byte earlier. The establishment cause value is adjusted based on agreements in last meeting. Also, theoretical calculations on number of bearers required to support the maximum size of message 3 is added. The essence of the proposals and observations remains. 
The following agreements impacting message 3 size in NR were made during RAN 2 #101 [1]:
Agreements
1:   Assuming no limitation on MSG3 size based on the feedback from RAN1, I-RNTI size is 52 bits, including node ID and UE identifier.
2:   At least 8 and preferably 16 (or more) cause value to be included in MSG 3. To be finalised when the we have received input from RAN1 on MSG3 size and have a full picture of the content of MSG3.

[bookmark: _Ref178064866]Discussion
MSG3 is the third message in the NR random access procedure and carries the RRC connection request, RRC connection re-establishment request, and RRC connection resume request messages. As these RRC messages are sent on SRB0 using RLC TM and hence lacks segmentation, the whole RRC PDU must be sent within a single transport block which restricts its size. The size of the transport block is limited by the number of bits that can be reliably delivered to a UE at the cell edge, and is typically determined through simulations in RAN1. In the following, we evaluate the contents and the size of the different RRC messages to be able to provide a size estimate to RAN1 for their simulations. 
RRC connection request
The RRC connection request message is used when transitioning from idle to connected mode. Here we assume that the 5G-S-TMSI used as UE identity has the same size as S-TMSI in LTE, i.e., 40 bits. There is an incoming LS from SA2 requesting to increase the size of 5G-S-TMSI to 48 bits but there is no active discussion on it yet in RAN 2 so we keep the 40 bits size of 5G-S-TMSI. 
The size of establishment cause is also increased to 4 bit compared to 3 bits in LTE. It was agreed in RAN 2 #101 meeting to preferably support 16 establishment causes in NR [13]. 

	RRCConnectionRequest

	IE
	Size (bits)

	ue-Identity
	40

	establishmentCause
	4

	Total
	44



RRC connection resume request
The RRC connection resume request message is sent when transitioning from inactive to connected mode. The UE resume identity (I-RNTI) is agreed to be of 52 bits compared to 40 bits for LTE [1]. The reason for proposing an increase in size of I-RNTI is the agreed increase in maximum size of gNB from 21 bits to 32 bits for NR [1] [3]. This would leave only 8 bits in I-RNTI for UE specific identifiers if the size is 40 bits. To compensate for the increase in gNB for NR, it is agreed to increase the I-RNT size to 52 bits [13]. For detailed calculations and reasoning, refer [2]. The short-MAC-I is assumed to have the same size as in LTE Rel-13 suspend/resume, i.e 16 bits respectively, see [9] and [10]. We also expect the resume cause to have the same size as the establishment cause in the RRC connection setup request. In addition, two new fields have been added compared to LTE:
· The plmn-Identity contains an index to the PLMN list in SIB1 and indicates the PLMN that allocated the resume identity. It is included to avoid coordination of gNB IDs (which is part of the resume identity) between PLMNs sharing the same RAN, see [5]. The index is assumed to be 4 bits allowing up to 16 PLMNs to be referenced. 
· The resumedSlice indicates which of the up to eight 8 slices that the UE wishes to resume. This field is included to enable different treatment and early prioritization of network slices, see [6]. If several slices are resumed then the UE indicates the one with highest priority.  This field may be possible to omit if a buffer status report (BSR) is included on MAC level, in which case the slice instead can be determined from the Logical Channel Group (LCG) associated with the BSR. (The LCG maps to a DRB which in turn maps to a slice).
 
	RRC connection resume request

	IE
	Size (bits)

	ue-Identity
	52

	resumeCause
	4

	shortMac-I
	16

	plmn-Identity*
	4

	resumedSlice*
	3

	Total
	79



RRC connection re-establishment request
The RRC connection re-establishment request message is sent to recover the RRC connection after radio link failure, for example after a failed handover attempt. No changes to the content are expected compared to LTE. Note that the UE identity in this case is comprised of a 9 bit PCI and a 16 bit C-RNTI.
	RRC connection re-establishment request

	IE
	Size (bits)

	ue-Identity
	25

	reestablishmentCause
	2

	shortMac-I
	16

	Total
	43



The minimum MSG3 size that needs to be supported is determined by the largest of the three messages above, which is the RRC connection resume request.
[bookmark: _Toc492628392][bookmark: _Toc492628588][bookmark: _Toc492628634][bookmark: _Toc493683341][bookmark: _Toc506493854][bookmark: _Toc510743924]RRC connection resume request is largest among the initial RRC messages and hence determines the minimum size of MSG3 (i.e., the size that must be supported in all deployments of NR). 
So far in the size calculations we have only considered the actual content and ignored the overhead resulting from the structure of the RRC message, such as the choice bits required to indicate the message type or the bits used to signal the presence of optional fields. Since the RRC message structure largely depends on the outcome of the message harmonization discussion (see [7]), it is difficult to calculate the exact message size now. However, based on the experience from LTE, we can expect the overhead to be small (the overhead is only 5 bits for the RRC connection resume request message in LTE). Also note that the RRC message PDU must be byte aligned which requires padding bits to be inserted to the closest byte. Taking this additional overhead into account, the total size of the RRC PDU for the RRC connection resume request message is around 88 bits, or 11 bytes. 
[bookmark: _Toc492628393][bookmark: _Toc492628589][bookmark: _Toc492628635][bookmark: _Toc493683342][bookmark: _Toc506493855][bookmark: _Toc510743925]The exact size of the initial RRC messages depends on outcome of the message harmonization discussion but we can approximate the size fairly well.

To calculate the total size of MSG3 we will also need to account for the overhead added by the MAC layer. The minimal possible MAC PDU is shown below. Note that no padding is needed if we assume the MAC PDU fits exactly into the UL grant/transport block. Also note that, unlike in LTE, the MAC SDU sub header always contains a length field, which means that its size is 2 bytes instead of 1 byte.


11 byte


It has been investigated in R2-1803202 [12], that the size of MAC sub header can be reduced to 1 byte For this contribution we would still propose to use the current agreed size of 2 byte MAC sub header. If we want to be able to schedule the UE as quickly as possible at RRC connection resumption, we should also make sure a (short/truncated) BSR and Power Headroom Report (PHR) is included in MSG3. The latter indicates how much transmission power that the UE has left to use in addition to the power being used by the current transmission, and is used to determine the amount of UL bandwidth to assign to the UE. Until the first PHR is received the UE is assumed to use its maximum transmit power and the gNB may therefore assign a smaller UL bandwidth than what is actually possible, which in turn reduces the UL data transfer speed. The resulting MAC PDU with both BSR and PHR included looks as follows.

2 byte

11 byte


Based on the above we conclude:
[bookmark: _Toc492480710][bookmark: _Toc492628394][bookmark: _Toc492628590][bookmark: _Toc492628636][bookmark: _Toc493683343][bookmark: _Toc506493856][bookmark: _Toc510743926]Taking MAC overhead into account, the minimum size of MSG3 (i.e. the size that must be supported in all deployments of NR) is around 13 or 18 bytes, depending on if a BSR+PHR is included or not. 

[bookmark: _Toc492480714][bookmark: _Toc492628395][bookmark: _Toc492628637][bookmark: _Toc493683344][bookmark: _Toc506493910][bookmark: _Toc510740589]Send an LS to RAN1 asking them if a MSG3 transport block size of 13 or 18 bytes can be supported.

The proposed maximum MSG3 maximum message 3 size of 18 byte should be supported for both slot based allocations and non-slot based allocations by the 12 bits of frequency domain resource allocation.  
Below is a table that gives the theoretical number of RBs needed for different numbers of PUSCH OFDM symbols with difference MCS values assuming 20 bytes payload in PUSCH.

	# of PUSCH symbols for MSG3
	# of DMRS symbols
	Required # of RBs
MCS = 0
	Required # of RBs
MCS = 6
	Required # of RBs
MCS = 16

	14
	3
	6
	2
	1

	7
	2
	12
	4
	1

	5
	1
	15
	4
	1

	4
	1
	19
	6
	1

	2
	1
	59
	16
	1



Optimizations pertaining to handling of NAS information already in message 3 could only be handled if the network is able to assign bigger grants for message 3 than the one analysed for initial RRC message. R2-1804856 [11] analysed the requirements associated with encapsulating NAS information with message 3. In general, we proposed to have a separate PDCP PDU for NAS information, so the UE can only transmit initial RRC message, in case the grant size is small. 

Conclusion
[bookmark: _Hlk497747969]In this contribution we discussed the size of MSG3 in NR. In section 2 we made the following observations:
Observation 1	RRC connection resume request is largest among the initial RRC messages and hence determines the minimum size of MSG3 (i.e., the size that must be supported in all deployments of NR).
Observation 2	The exact size of the initial RRC messages depends on outcome of the message harmonization discussion but we can approximate the size fairly well.
Observation 3	Taking MAC overhead into account, the minimum size of MSG3 (i.e. the size that must be supported in all deployments of NR) is around 13 or 18 bytes, depending on if a BSR+PHR is included or not.

Based on the discussion in section 2 we propose the following:
Proposal 1	Send an LS to RAN1 asking them if a MSG3 transport block size of 13 or 18 bytes can be supported.
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