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Introduction
This contribution discusses the size of Msg3 in NR when it is used to carry CCCH payload and the corresponding grant size needed to handle the Msg3 transmission. A more detailed discussion of the message content in various cases is found in [1].
[bookmark: _Ref178064866]Discussion
The random access procedure may be carried out for different reasons and be either CBRA or CFRA. In case of CFRA, the UE is in connected mode and can use the 16 bit C-RNTI as identifier while CBRA when carried out by Idle or inactive UEs need to supply a UE identity which is significantly larger. 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. It is therefore desirable to be able to use as small message size as possible. For LTE, the minimum grant size is 56 bits.
RRC message sizes
As described in [1], the size of the RRC messages are given by 
1. [bookmark: _Hlk510600799]RRC Connection Request: 44 bits
2. RRC Resume Request: 79 bits
3. RRC Connection re-establishment request 43 bits
It should be noted that the above values are indicative and not decided yet. In addition to this, a MAC subheader of 2 bytes (R/F/LCID/L) is added to the Msg3 size. The size of the grants are octet aligned which results in that the minimum size of the grant for Msg3 is 8 bytes, for RRC Connection Request, 12 bytes for RRC Resume Request and 8 bytes for RRC Connection re-establishment request.
[bookmark: _Toc505767146][bookmark: _Toc505773550][bookmark: _Toc505932863][bookmark: _Toc506468490][bookmark: _Toc506468600][bookmark: _Toc509927075][bookmark: _Toc510601764][bookmark: _Toc510614512][bookmark: _Toc510701271][bookmark: _Toc510702733]A grant of 8 bytes is the minimum for transmission of RRC Connection Request or RRC Connection re-establishment request.
[bookmark: _Toc505767147][bookmark: _Toc505773551][bookmark: _Toc505932864][bookmark: _Toc506468491][bookmark: _Toc506468601][bookmark: _Toc509927076][bookmark: _Toc510601765][bookmark: _Toc510614513][bookmark: _Toc510701272][bookmark: _Toc510702734]A grant of 12 bytes is the minimum for transmission of RRC Resume Request.
Indicating type of RRC message
[bookmark: _GoBack]Using the minimum size grant would be useful in cases where there are no extra MAC CEs needed for better performance. For example, BSR and PHR are useful in case of RRC Resume Request but less useful in case of the RRC Connection Request or the RRC Connection re-establishment request, where it is more important to keep the size of the message as small as possible. It is useful for the gNB to know whether to provide a grant large enough to fit the RRC ResumeRequest message or whether to provide a smaller grant for the other two messages. 
One way to handle grant assignment is to use a minimum grant for CBRA using preamble group A, i.e., setting the ra-Msg3SizeGroupA to the size of the smaller RRC messages (e.g 8 bytes). If the UE wishes to transmit a Msg3 larger than this, it needs to use preamble group B which enables the gNB to reply with a larger grant. Preamble group B could then handle cases requiring a larger grant such as RRC Resume Request. 
Using Preamble group B also requires that the pathloss is low enough or that it is the messagePowerOffsetGroupB can be configured to handle the larger Msg3 sizes irrespective of pathloss. This can be achieved by configuring it to minusinfinity. An alternative solution is to allow selection of preamble group B ignoring the pathloss for CCCH transmissions as in LTE and suggested in [2].
[bookmark: _Toc510601766][bookmark: _Toc510614514][bookmark: _Toc510601767][bookmark: _Toc510614515][bookmark: _Toc510701273][bookmark: _Toc510702735]The parameter messagePowerOffsetGroupB can be configured such that the selection between preamble group A or B is only determined based on the size of RRC message which helps the gNB to select a suitable grant for msg3.
Reducing the size of msg3
The importance of message size on coverage is also the reason for having the parameter messagePowerOffsetGroupB. If the pathloss is too high (i.e. the UE is not in a place with good enough coverage), the UE is forced to use preamble group A with the smaller grants. Even reducing the Msg3 size from 8 to 7 bytes will have impact on coverage. In Table 1, some link level simulation results are reported to illustrate the gain in coverage when the message size is reduced from 8 to 7 bytes. This is done by looking at the normalized SNR needed to reach 10% BLER. In the simulations, the selection of MCS and PRB pair with support for 7 or 8 bytes leads to different number of PRBs in the two cases. Threfore, a normalized SNR which is an adjustment to account for UE power limitations using different number of PRBs is used to make the results comparable. In Table 1, the gain in different in required SNR to reach 10% BLER for some different frequencies, SCS, delay spread and UE speed are in the order of 0.7-1.1 dB. 

	Frequency (GHz)
	SCS (kHz)
	Delay spread (ns)
	UE Speed (km/h)
	SNR Diff

	3.5
	30
	10
	3
	1.04

	3.5
	30
	30
	3
	0.98

	3.5
	30
	100
	3
	0.98

	3.5
	30
	300
	3
	1.14

	3.5
	30
	10
	30
	0.72

	3.5
	30
	30
	30
	0.72

	3.5
	30
	100
	30
	0.66

	3.5
	30
	300
	30
	1.13

	28
	128
	10
	3
	0.88

	28
	128
	30
	3
	0.69

	28
	128
	100
	3
	1.15

	28
	128
	10
	30
	0.78

	28
	128
	30
	30
	0.93

	28
	128
	100
	30
	1.06


[bookmark: _Ref510593038]Table 1. Gain in required SNR to reach 10% BLER when reducing Msg3 size from 8 to 7 bytes.

The MAC subheader used for the RRC Connection Request and RRC Connection re-establishment request will use the two bytes format (R/F/LCID/L) according to the current specification. This header format is shown in Figure 2.



[bookmark: _Ref505773286]Figure 2. Figure 6.1.2-1 from 38.321: R/F/LCID/L MAC subheader with 8-bit L field
The length field is not necessary as there is only one MAC subPDU in the MAC PDU, i.e. the RRC message. To save one byte the format for fixed size MAC CE, shown in Figure 3, could be used.



[bookmark: _Ref505765436]Figure 3.  Figure 6.1.2-3 from 38.321: R/LCID MAC subheader.
This would reduce the size of the MAC subheader by one byte and make it possible to fit the Msg3 transmission with a 7 byte grant.
[bookmark: _Toc347822666][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc505767148][bookmark: _Toc505773552][bookmark: _Toc505932865][bookmark: _Toc506468492][bookmark: _Toc506468602][bookmark: _Toc509927077][bookmark: _Toc510601768][bookmark: _Toc510614516][bookmark: _Toc510701274][bookmark: _Toc510702736]If the R/LCID format for the MAC subheader is used, a grant of 7 bytes would be sufficient for transmission of RRC Connection Request or RRC Connection re-establishment request.
The saving of one byte would be very beneficial for Msg3 transmissions and we therefore propose.
[bookmark: _Toc505767151][bookmark: _Toc505773556][bookmark: _Toc506468598][bookmark: _Toc509927084][bookmark: _Toc510601769][bookmark: _Toc510614523][bookmark: _Toc510701275][bookmark: _Toc510702737]Use the R/LCID MAC subheader for Msg3 transmission of RRC Connection Request and RRC Connection re-establishment request.
Using the R/LCID MAC subheader for RRC Connection Request or RRC Connection re-establishment request
[bookmark: _Ref189046994]In the current version of 38.321, transmission of RRC Connection Request or RRC Connection re-establishment request would be done by encapsulating the CCCH SDU with a R/F/LCID/L MAC subheader with 8-bit L field. In this case, R=0, F=0 to indicate 8 bit length field, LCID = 000000 to indicate CCCH, and L is the length of the CCCH SDU.
Using the method in Proposal 1, indication of the CCCH SDU for RRC Connection Request or RRC Connection re-establishment request would instead be indicated with R/LCID MAC subheader. One way to do this is to select one of the reserved LCID values to indicate a MAC PDU with only one CCCH SDU. For example, LCID = 110110 could refer to a CCCH SDU of 6 bytes. In this way, the RRC Connection Request or RRC Connection re-establishment request could be transmitted using a grant of 7 bytes.
[bookmark: _Toc505767152][bookmark: _Toc505773557][bookmark: _Toc506468599][bookmark: _Toc509927085][bookmark: _Toc510601770][bookmark: _Toc510614524][bookmark: _Toc510701276][bookmark: _Toc510702738]Use the reserved LCID value 110110 to indicate a CCCH SDU of 6 bytes.
With the method suggested in Proposal 1 and Proposal 2, we would have the following situation when transmitting an RRC message of 6 bytes.
	Size of grant
	MAC subheader for CCCH SDU
	Bytes left after CCCH SDU and its subheader
	Additional MAC subPDU
	Comment

	<7 bytes
	N/A
	N/A
	N/A
	Too small grant

	7 bytes
	R/R/LCID
	0
	No
	Smallest size, new reserved LCID

	8 bytes
	R/F/LCID/L
	0
	No
	Works with legacy LCID=000000

	9 bytes
	R/F/LCID/L
	1
	Yes, but only padding since 1 byte is too small for BSR or PHR.
	Padding is included as a result of multiplexing. LCID=000000

	9+n bytes, n>0
	R/F/LCID/L
	n+1
	Ordinary multiplexing
	LCID=000000



Table 2 Number of bytes left after 6 bytes CCCH SDU transmitted using different grant sizes.
There is a CR in [3].
Conclusion
In section 2 we made the following observations:
Observation 1	A grant of 8 bytes is the minimum for transmission of RRC Connection Request or RRC Connection re-establishment request.
Observation 2	A grant of 12 bytes is the minimum for transmission of RRC Resume Request.
Observation 3	The parameter messagePowerOffsetGroupB can be configured such that the selection between preamble group A or B is only determined based on the size of RRC message which helps the gNB to select a suitable grant for msg3.
Observation 4	If the R/LCID format for the MAC subheader is used, a grant of 7 bytes would be sufficient for transmission of RRC Connection Request or RRC Connection re-establishment request.

Based on the discussion in section 2 we propose the following:
Proposal 1	Use the R/LCID MAC subheader for Msg3 transmission of RRC Connection Request and RRC Connection re-establishment request.
Proposal 2	Use the reserved LCID value 110110 to indicate a CCCH SDU of 6 bytes.
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