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Introduction
This contribution evaluates the content and size of MSG3 in NR along with an assessment of potential options available to adjust the size based on RAN 1 LS [1]. This contribution is a revision of R2-1804860. 
The enhancements in this contribution include covering the ongoing and not yet concluded discussion on maximum size of msg3 in NR. One proposal is to, for the sake of coverage, not increase the sizes of this message compared to LTE. This would mean that msg3 sizes in NR will be 56/72 bits. An LS was sent to RAN 1 [2] asking them to endorse if 56 and 72 bits could be supported for Message 3. The following RAN 2 optimizations were also included in the LS: 

	It was agreed to perform optimizations in RAN 2 to handle the size reductions, mainly by
· Reducing the size of I-RNTI 
· Splitting the 5G-S-TMSI between message 3 and 5 (same as in LTE)
· Reducing/removing the spare values
· Use 3 bits for establishment cause 



This contribution addresses these assumptions/proposals and analyse the impact of these optimizations on  msg3 size reduction. 
[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. 

Message 3 Size Discussion
With a new standard comes an opportunity to address limitations that has occurred in previous standards or releases. One limitation that has been discussed and addressed at length in LTE is the size limitation of msg3 Due to enhanced functionality in NR and potential issues with message 3 size in LTE, it was assumes that a larger msg3 was at least going to be possible with NR. In the light of this, a number of assumptions were being made, on that there would in fact be room for more information. 
The LS response from RAN 1 [1] though does not clearly indicate support for having a larger size of message 3, rather it indicates coverage issues. The simulations results shared by RAN 1 does not cover the possible enhancements possible in RAN 1 to have a larger size of message 3 without impacting coverage including repetitions and different preamble groups. In this section, we cover possible message 3 size adjustments in RAN 2 along with an indication of possible support from RAN 1 for a larger message 3 size. 

RRC connection request
The RRC connection request message is used when transitioning from idle to connected mode. The size of 5G-S-TMSI is now decided as 48 bits by SA2 [4] and RAN 2 have also decided to support the requested size from SA2 [5]. 
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 [6]. Also, based on CR on connection control for NR [18], the RRC structure would have 4 choice bits. 


	RRCConnectionRequest

	IE
	Size (bits)

	Message Structure bits
	4

	ue-Identity
	49

	establishmentCause
	4

	MAC Header
	16 

	Spare
	4

	Total
	77



Table.1: RRCConnectionRequest

This size of 77 bits is not in line with the size (56 bits) indicated by RAN 2 to RAN 1 for the RRCConnectionRequest, in the LS [2]. 
The following RAN 2 optimizations were considered in the last meeting to support a smaller RRCConnectionRequest message. 

5G-S-TMSI
It has been agreed to support a 48 bits 5G-S-TMSI compared to 40 bits S-TMSI in LTE [5]. It has also been agreed to split the 5G-S-TMSI into message 3 and message 5 but the exact details are not settled yet. R2-1806847 [7] covers a solution to split the 5G-S-TMSI between message 3 and message 5. To align with LTE, it is proposed to have a 40 bits of 5G-S-TMSI in message 3 and the remaining 8 bits in message 5. This will provide a reduction of 8 bits in 5G-S-TMSI size in message 3. 

Agreements
1	Part of 5G-S-TMSI as identifier in RRCConnectionRequest message and signal the rest of 5G-S-TMSI in msg5. 

Establishment causes
The current RAN 2 agreement [6] on establishment causes requires having at least 3 bits and preferably 4 bits for establishment cause Since this is the first release of NR, we should make the establishment causes furture proof by providing enough spare values available. With 3 bits, we are already on the border line, i.e adding a new establishment cause values for delay-tolerant UE and RNAU update. So, we would prefer to keep 4 bits for establishment cause in NR. 
Agreements
1:   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.

MAC Header
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.
It has been investigated in R2-1807028 [8], that the size of MAC sub header can be reduced to 1 byte. The current MAC Header size is 2 bytes. If this optimization is adopted, we can save 8 bits in message 3. 
Spare values
Currently LTE have only one spare value and we would propose to have at least four spare value in NR, since it is the first release and new critical use cases for extensions might come up in later releases. . 
Considering the above 3 optimizations, we would be able to fit the RRC Connection Request message in 61 bits as shown below: 


	RRCConnectionRequest

	IE
	Size (bits)

	RRC Message Structure 
	4

	ue-Identity
	41

	establishmentCause
	4

	MAC Header
	8 

	Spare
	4

	Total
	61



Table.2: RRCConnectionRequest optimized
Since, any further optimizations in RRC connection request message would significantly reduce the flexibility for supporting future enhancements, it is proposed to have a size of 64 bits for RRC connection request message. 

[bookmark: _Toc513564930][bookmark: _Toc513567286]RRC connection request message should have a size of 64 bits, considering the above optimizations and support for future enhancements.  

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 [6]. 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 [6] [9]. 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 [9]. For detailed calculations and reasoning, refer [10]. The short-MAC-I is assumed to have the same size as in LTE Rel-13 suspend/resume, i.e 16 bits respectively, see [11] and [12]. 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 [13]. 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 [14]. 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).
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.



	RRC connection resume request

	IE
	Size (bits)

	Message Structure
	4

	ue-Identity
	52

	resumeCause
	4

	shortMac-I
	16

	plmn-Identity*
	4

	resumedSlice*
	3

	Spare
	4

	MAC Header
	16

	Total
	103



Table.3: RRC Connection Resume Request

If the truncated BSR (1 byte), PHR (2 byte) along with respective 1 byte subheaders, the total size of RRC connection resume message would be 143 bits. 

[bookmark: _Toc513564920]If the truncated BSR (1 byte), PHR (1 byte) along with respective 1 byte subheaders, the total size of RRC connection resume message would be 135 bits. 

This calculated size of 143 bits is not in line with the size (72 bits) indicated by RAN 2 to RAN 1 for the RRCConnectionResume message, in the LS [2]. 

The following RAN 2 optimizations were considered in the last meeting to support a smaller RRCConnectionResume message. 

I-RNTI
As discussed earlier, the UE resume identity (I-RNTI) is agreed to be of 52 bits compared to 40 bits for LTE [6]. The increase in I-RNTI was proposed based on the agreed increase in gNB ID to upto 32 bits. RAN 3 agreed to have a flexible length of gNB ID between 22 and 32 bits. Since, the length is flexible, it should be possible to use a shorter length of gNB ID to attain the same size of I-RNTI as the resume Identity in LTE, i.e 40 bits. R2-1806851 RATs [15] explains in detail on the possible reduction in I-RNTI size and its impact on Inactive state mobility in Inter RAT scenarios. The complexity of Inter RAT mobility increases a lot if the size of I-RNTI is different between LTE and NR. This reduction in I-RNTI size would lead to 12 bits reduction in size of RRC connection resume message.

Also, there is one additional bit in resume identity to differentiate between a full and truncated resume identity. Since, there is no requirement for a truncated resume identity, we should not allocate any bits for it. 
Resume causes
The resume causes should be same as establishment causes and since we have proposed to keep the establishment cause to 4 bits for future enhancements, we should adopt the same approach for resume cause in RRC connection resume message.  

MAC Header
As discussed in section 2.1.1.3, the size of MAC sub header can be reduced to 1 byte. The current MAC Header size is 2 bytes. If this optimization is adopted, we can save 8 bits in message 3.
 
plmn-Identity & resume slice
Both these IE’s were proposed as enhancements of resume message to support the Inactive State and slice aspects of release 15. Since, there are space constraints, we would not be able to adopt them. 
Spare values
Currently, LTE have only one spare value for RRC Connection Resume message and we would propose to have at least four spare value in NR at least, for same reasons as stated in 2.1.1.4. 
Truncated BSR and PHR report
The truncated BSR and PHR reports include a substantial overhead of 5 bytes. Since, there is a strict limitation of available bits in message 3, it is proposed to make the addition of BSR and PHR optional, based on size of grant received by UE. So, if the network provides a big enough grant, UE can add the BSR and PHR. 

[bookmark: _Toc513564931][bookmark: _Toc513567287]The addition of BSR and PHR in message 3 should be optional, based on size of message 3 grant received by UE.


Considering the above optimizations, we would be able to fit the RRC Connection Resume message in 76 bits as shown below: 


	RRC connection resume request

	IE
	Size (bits)

	Message Structure
	4

	ue-Identity
	40

	resumeCause
	4

	shortMac-I
	16

	Spare
	4

	MAC Header
	8

	Total
	76




Table.4: RRC Connection Resume Request

The next octet size available after 76 bits is 80 bits. Since, any further optimizations in RRC connection resume request message would significantly reduce the flexibility for supporting future enhancements, it is proposed to have a size of 80 bits for RRC connection request message. 

[bookmark: _Toc513564932][bookmark: _Toc513567288]RRC connection resume request message should have a size of 80 bits, considering the above optimizations and support for future enhancements.  
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)

	Message Structure
	4

	ue-Identity
	25

	reestablishmentCause
	2

	shortMac-I
	16

	MAC Header
	16

	Total
	63



Table.5: RRC Connection re-establishment Request

Since the size of RRC connection re-establishment request would not fit in the small 56 bit grant available, we would need to use the MAC Header optimization for this message. 

With a 8 bit MAC header as indicated in 2.1.1.3 and 2.1.2.3, we would be able to fit the RRC connection re-establishment request message in a 56 bits grant. Since, we would need a 64 bit grant for RRC connection request, RRC connection reestablishment request should also receive a 64 bit grant to simplify the grant allocation mechanism.  


	RRC connection re-establishment request

	IE
	Size (bits)

	Message Structure
	4

	ue-Identity
	25

	reestablishmentCause
	2

	shortMac-I
	16

	MAC Header
	8

	Total
	55



Table.6: RRC Connection re-establishment Request (optimized)

[bookmark: _Toc513417007][bookmark: _Toc513564933][bookmark: _Toc513567289]Adopt the optimizations proposed above for RRC connection Request, RRC connection resume and RRC connection Establishment to fit the respective messages in grant sizes of 64 and 80 bits respectively. 

Also, the size of message 3 could be increased to 64 and 72 bits without impacting coverage through reputations. R1-1806425 [19] explains the repetitions solution to handle the increase in message 3 size. 
Network Grant Allocation 
As indicated in the RAN 2 LS to RAN 1, it is propose to have a grant of 56 bits for RRC connection request message and 72 bits for RRC connection resume request message. An open question is how would the network know on the size of grant (56 bits or 72 bits) required by UE since message 2 does not indicate the type of message 3 that the UE needs to transmit. 

[bookmark: _Toc513412724][bookmark: _Toc513412974][bookmark: _Toc513542243][bookmark: _Toc513564921]An open question is how the network would know about the size of grant (56 bits or 72 bits) required by UE since message 2 does not indicate the type of message 3 that the UE needs to transmit.

One solution to this problem is that the network always provides a bigger grant to the UE for message 3. If the UE does not need a bigger grant, it can fill the remaining message with filler bits. This is not an optimum solution, but it would prevent the scenario that the UE does not have a big enough grant to transmit message 3. 
[bookmark: _Toc513412733][bookmark: _Toc513412969][bookmark: _Toc513416730][bookmark: _Toc513417008][bookmark: _Toc513564934][bookmark: _Toc513567290]Network always provides a bigger grant to the UE for message 3, i.e 80 bits

Split RRC Connection Resume Message

There could be scenarios that the network does not have a big message 3 grant available for the UE. Since the network does not have visibility if the requested grant is for RRC connection resume or RRC connection request, the network should provide two consecutive small grants to the UE. 
[bookmark: _Toc513412734][bookmark: _Toc513412970][bookmark: _Toc513416731][bookmark: _Toc513417009][bookmark: _Toc513564935][bookmark: _Toc513567291]In case, the network does not have a 80 bits message 3 grant available for the UE, the network should provide two consecutive small grants to the UE. 

The UE prepares the RRC messages before sending the Random-Access message and it is not possible to change the size afterwards. 

[bookmark: _Toc513412725][bookmark: _Toc513412975][bookmark: _Toc513542244][bookmark: _Toc513564922]The UE prepares the RRC messages before sending the Random-Access message and it is not possible to change the size afterwards. 

Only, in case of RRC connection resume, UE would need a bigger grant. In this case, the UE should then prepare two RRC messages before sending the Random-Access message to the network:
· Single unit RRC message 3 to fit in one 80 bits grant
· Split RRC message 3 to fit in two small grants of 80 bits and 43 bits repectively. 


	RRC connection resume request (Part 1)

	IE
	Size (bits)

	Message Structure
	4

	ue-Identity
	28

	resumeCause
	4

	shortMac-I
	16

	Spare
	4

	MAC Header
	8

	Total
	56





 






Table.7: Split RRC Connection resume Request (Part 1)

	RRC connection resume request (Part 2)

	IE
	Size (bits)

	Message Structure
	4

	ue-Identity
	12

	shortMac-I
	16

	MAC Header
	8

	Total
	40











Table.8: Split RRC Connection resume Request (Part 2)


If the UE receives a big grant of 80 bits, it can use the first single unit RRC message. On the other hand, if the grant received is small, the UE used the Split RRC message and send the first part in the first grant of 56 bits. The UE then expects another grant of 40 bits and transmit the remaining part of RRC connection resume message in the second grant. 
The current agreed CR on Connection Control for NR [18], includes a bit choice strucutre for UL-CCCH message. There are 13 spare values available as shown in ASN.1 below. Spare bit 12 and 13 can use to introduce 
· rrcConnectionResumeRequest-split1         
· rrcConnectionResumeRequest-split2        

This give an option to the UE to select one of the three types of RRC connection resume
1. Single Unit RRC connection Resume
2. First part of RRC connection Resume (in case of split Resume message)
3. Second part of RRC connection Resume (in case of split Resume message)



-- ASN1START
-- TAG-UL-CCCH-MESSAGE-START


UL-CCCH-Message ::= SEQUENCE {
	message					UL-CCCH-MessageType
}

UL-CCCH-MessageType ::= CHOICE {
	c1						CHOICE {
		rrcSetupRequest						RRCSetupRequest,
		rrcResumeRequest				RRCResumeRequest,
		rrcReestablishmentRequest		RRCReestablishmentRequest,
        rrcConnectionResumeRequest-split1         RRCConnectionResumeRequest-s1, 
		rrcConnectionResumeRequest-split2         RRCConnectionResumeRequest-s2
		spare11 NULL, spare10 NULL, spare9 NULL,
		spare8 NULL, spare7 NULL, spare6 NULL,
		spare5 NULL, spare4 NULL, spare3 NULL,
		spare2 NULL, spare1 NULL
	},
	messageClassExtension	SEQUENCE {}
}

-- TAG-UL-CCCH-MESSAGE-STOP
-- ASN1STOP

Fig. 1: ASN.1 for UL-CCCH message


[bookmark: _Toc513412735][bookmark: _Toc513412971][bookmark: _Toc513416732][bookmark: _Toc513417010][bookmark: _Toc513564936][bookmark: _Toc513567292]In case of RRC connection resume, UE should prepare two RRC messages before sending the Random Access message to the network: 
[bookmark: _Toc513412736][bookmark: _Toc513412972][bookmark: _Toc513416733][bookmark: _Toc513417011][bookmark: _Toc513564937][bookmark: _Toc513567293]•	Single unit RRC message 3 to fit in one 80 bits grant
[bookmark: _Toc513412737][bookmark: _Toc513412973][bookmark: _Toc513416734][bookmark: _Toc513417012][bookmark: _Toc513564938][bookmark: _Toc513567294]•	Split RRC message 3 to fit in two small grants of 80 bits and 43 bits repectively.

The latency impact of having a split RRC connection resume message is assessed in Table 9 below. The split RRC connection resume message would incur an additional latency of 11 ms compared to a resume procedure with a single RRC connection resume message. For details of latency calculations for resume procedure with a single RRC connection resume message, refer to R2-1711255 [17].

Table.9: CP latency of Split RRC Connection resume procedure

	Component
	Description
	Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request –split 1)
	5

	6
	Transmission of RRC Connection Resume Request-split 1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of a second grant for RRC Connection Resume Request-split 2
	1

	9
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request –split 1)
	5

	10
	Transmission of RRC Connection Resume Request-split 1
	1

	11
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Resume 
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	15

	10
	Transmission of RRC Connection Resume Complete and UP data
	1

	 
	Total delay [ms]
	42.5




[bookmark: _Toc513542245][bookmark: _Toc513564923]The split RRC connection resume message would incur an additional latency of 11 ms compared to a resume procedure with a single RRC connection resume message.

R2-1807028 [8] also provides a solution for the UE to indicate the grant size based on Random Access preamble. So, if the UE needs a small grant, it can use Preamble group A. If the UE needs a bigger grant, it should use Preamble group B, irrespective of channel conditions. The network decides based on path loss, if it can allocate a bigger grant. The above solution to prepare two types of RRC connection resume message before sending the Random Access message is also applicable in the preamble solution. 
Even, if the UE indicates the requirement for a bigger grant by using Preamble group B, network can still allocate a smaller grant for different reasons including coverage, congestion etc. 

[bookmark: _Toc513481153][bookmark: _Toc513542246][bookmark: _Toc513564924]Even, if the UE indicates the requirement for a bigger grant by using Preamble group B, network can still allocate a smaller grant for different reasons including coverage, congestion etc. 

Thus, Proposal 3 and 4 are relevant, even if the UE manage to indicate the exact requirement for message 3 grant size. 

SIB Indicator for Minimum Grant Size
The UE implementation could be easier if we have a SIB indicator for the minimum grant size in a cell. With an indication one can avoid conditional msg3 preparation which may be considered a benefit from a UE implementation perspective. 
· if the minimum grant size is indicated as 64 bits in SIB, UE knows that it needs to creates a split RRC connection resume message. 
· if the minimum grant size is indicated as 80 bits in SIB, UE knows that it needs to creates a split RRC connection resume message

This avoid conditional message 3 preparation which may be considered a benefit from a UE implementation perspective. Indicating a fixed msg3 size however also limits flexibility and would seem to prevent differentiation and adaptation based on load and use case, respectively. So even if an indication of message 3 grant size (64 or 80 bits) is provided with SI, it may be beneficial to consider it an indication of  “minimum grant size” and allow the network to provide larger grant size. 

[bookmark: _Toc513567295]A minimum message 3 grant size indicator should be added in SIB to assist the UE with preparing the appropriate (single or split) RRC connetion resume message. 

Conclusion
In section 2 we made the following observations:
Observation 1	If the truncated BSR (1 byte), PHR (1 byte) along with respective 1 byte subheaders, the total size of RRC connection resume message would be 135 bits.
Observation 2	An open question is how the network would know about the size of grant (56 bits or 72 bits) required by UE since message 2 does not indicate the type of message 3 that the UE needs to transmit.
Observation 3	The UE prepares the RRC messages before sending the Random-Access message and it is not possible to change the size afterwards.
Observation 4	The split RRC connection resume message would incur an additional latency of 11 ms compared to a resume procedure with a single RRC connection resume message.
Observation 5	Even, if the UE indicates the requirement for a bigger grant by using Preamble group B, network can still allocate a smaller grant for different reasons including coverage, congestion etc.

Based on the discussion in section 2 we propose the following:

Proposal 1	RRC connection request message should have a size of 64 bits, considering the above optimizations and support for future enhancements.
Proposal 2	The addition of BSR and PHR in message 3 should be optional, based on size of message 3 grant received by UE.
Proposal 3	RRC connection resume request message should have a size of 80 bits, considering the above optimizations and support for future enhancements.
Proposal 4	Adopt the optimizations proposed above for RRC connection Request, RRC connection resume and RRC connection Establishment to fit the respective messages in grant sizes of 64 and 80 bits respectively.
Proposal 5	Network always provides a bigger grant to the UE for message 3, i.e 80 bits
Proposal 6	In case, the network does not have a 80 bits message 3 grant available for the UE, the network should provide two consecutive small grants to the UE.
Proposal 7	In case of RRC connection resume, UE should prepare two RRC messages before sending the Random Access message to the network:
•	Single unit RRC message 3 to fit in one 80 bits grant
•	Split RRC message 3 to fit in two small grants of 80 bits and 43 bits repectively.
Proposal 8	A minimum message 3 grant size indicator should be added in SIB to assist the UE with preparing the appropriate (single or split) RRC connetion resume message.
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