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Introduction
As discussed in R2-123, several WIs are looking to include additional information in RACH msg 3.  RACH msg 3 continues to be a bottleneck for NR (as in LTE) and each release has had to discuss how and what information can be carried in these few bits.  Having a solution where it is possible to carry some additional information will make the discussions on future releases and features much easier.
It was agreed to have a common discussion on the possibility and how to include the additional information in msg 3.  This document looks at RACH msg 3 history, its contents and possible extensions available with pros and cons for each one. It also makes recommendation proposals.
Discussion
History of msg3 size
Size limitation for RACH message 3 has been an issue since LTE Rel-8.  The current 48bit size came from initial analysis for LTE to meet the requirement of 100ms Idle to Connected transition, and based on RAN1 analysis at that time, it was considered that 48bits can be carried with 3 HARQ re-tx and that (along with the other processing times) can meet the 100ms delay.
A similar discussion happened during NR Rel-15.  While RAN1 did not provide any explicit number, they provided the feedback that LTE and NR msg 3 are similar in terms of size supported for the same coverage.  There were differing views expressed on whether the 48bit size limit is really valid, with one company also stating that larger sizes can be supported without increasing the number of HARQ retransmissions.  There was also a desire expressed to be able to convey the full 40bit I-RNTI which can be done with a larger CCCH.  Due to these different views, two CCCH sizes were specified in RAN2, with the larger one carrying the full I-RNTI value.
Observation #1: CCCH1 was defined to allow network deployments to use larger msg 3 grant with full I-RNTI.
Observation #2: Current size limit of 48 bits for msg 3 contents is not a fixed size; the consequence for increasing it may be a small increase in delay for some UEs.
Nature of additional information that needs to be carried in RACH msg 3
The primary motivation for transferring additional information in msg 3 is for network to be aware of the information before sending msg 4.  From the discussions so far, there are two types of information that needs to be transferred over message 3. UE capability related information (such as reduced BW) that network needs to be aware before msg 4, and UE dynamic information (such as temporary capability restriction for MUSIM).
Observation #3: There are two types of additional information under discussion to be carried in msg 3: Static (UE capability related) and dynamic (UE current configuration related).
Current definitions and extensions
RACH msg 3 includes the MAC header and MAC SDU, that is the RRC CCCH/CCCH1 message.  Each of these have extension possibilities that are discussed in more detail below.
MAC based




Figure 6.1.2-3: R/LCID/(eLCID) MAC subheader
MAC header takes up 8 bits, with 2 R bits (for CCCH/CCCH1) and a 6 bit LCID.  Both of these have some extension possibilities that are discussed further below.  
Solution 1: LCID in MAC header
The following 6 values for LCID are currently reserved and is available for use:
	37–42
	Reserved



Later NR releases also introduced 8 and 16 bit eLCID that can be used where the size is not a critical issue (such as in connected mode).
229 value for two octet eLCIDs are reserved:
	0 to 228
	64 to 292
	Reserved



Additionally, there are 64k logical channel space available with 1 octet eLCID space.
As seen above, where size is not a concern (primarily in connected mode), there are sufficient (e)LCID spare values available for future use.  That allows most of the 6 reserved LCID space to be used for RACH msg 3.  However, it raises the concern on extension possibility when the 6 values are used up.  Once these values are to be used, an extension mechanism has to be at least agreeable.  If an extension mechanism cannot be agreeable, then these 6 values have to be used very carefully and other options have to be considered to carry additional information.
Observation #4: Only 6 LCID values are available for future use.  If no extension mechanism is agreeable, use of these values has to be restricted and other options considered.
Solution 2: R bits in MAC header for CCCH
As can be seen above for CCCH/CCCH1, it includes two R bits, with the left most R bit being common for all MAC headers (not just CCCH/CCCH1). The second R bit is only applicable for CCCH/CCCH1.  Both R bits are currently unused.  
Observation #5: There are two R bits in the MAC header for CCCH, one of which is common for all MAC headers and other only applicable for CCCH/CCCH1.
Using the main R bit provides additional 64 LCID values.  This provides sufficient extension mechanism for the remainder of NR releases, if these are primarily used for CCCH/CCCH1.  Its use is simple and can address the needs for future NR features without having to resort to other more complex solutions.  
The use of R bit is expected to be under network control and only used by UE when network indicates it can.  In most cases, this can be expected to happen implicitly when network supports a feature that uses the new LCIDs with R bit.  An explicit indication in SIB can also be considered as a general mechanism to control whether UE is allowed to use the new LCID with R bit in the cell.
However, concern has been raised that using the R bit may prevent future extensions where it might turn out to be critical to use. This is addressed below.
R bit extendibility/future proofing:  
NR has gone through several releases already.  Many new features were introduced without having to need the use of R bit.  All of the extensions were done using LCID space (e.g., using an LCID value to indicate use of eLCID).  Many new features and releases were introduced in LTE as well without having to use the R bit (it was only used in a very recent feature, DCQR).  Hence it seems safe to assume that use of LCID value is sufficient for future extensions without having to directly use the R bit.
If a really critical issue is identified that cannot be addressed with (e)LCID values, other solutions are still possible.  For example, it is still possible to (re)define a new MAC header to use in the cells that supports this new feature.  In connected mode, it is possible to configure the UE to use a different MAC format.  In Idle/INACTIVE for CCCH, the second R bit can also be used to indicate to the network a new format if the cell supports it (and indicated in SIB).
eLCID space should still be used for MAC CEs that are not size critical.  This will leave a large number of LCID space for CCCH/CCCH1 use with the R bit solution.
In summary, the risk for future extensions seems minimal with the use of R bit.
Observation #6: There are several other extensions mechanisms possible even if the main R bit used to indicate an extension of LCID space.
Observation #7: Use of R bit is a simple approach to provide many additional values for future extensions for CCCH/CCCH1.  The risk for future extension seems minimal.
CCCH/CCCH1 RRC based
As with the MAC header, there are extension mechanisms available in RRC messages as well as discussed below.
The CCCH RRC message is defined as follows:
UL-CCCH-MessageType ::=         CHOICE {
    c1                              CHOICE {
        rrcSetupRequest                 RRCSetupRequest,
        rrcResumeRequest                RRCResumeRequest,
        rrcReestablishmentRequest       RRCReestablishmentRequest,
        rrcSystemInfoRequest            RRCSystemInfoRequest
    },
    messageClassExtension           SEQUENCE {}
}
This choice structure takes up 3 bits.
Using one of the RRC messages (ResumeRequest) as a representative:
RRCResumeRequest ::=            SEQUENCE {
        rrcResumeRequest            RRCResumeRequest-IEs
}

RRCResumeRequest-IEs ::=        SEQUENCE {
    resumeIdentity                  ShortI-RNTI-Value,
    resumeMAC-I                     BIT STRING (SIZE (16)),
    resumeCause                     ResumeCause,
    spare                           BIT STRING (SIZE (1))
}

The messages takes up 45 bits (for ResumeRequest, it is as follows: shortI-RNTI=24, resumeMAC-I=16, resumeCause=4, Spare=1), totalling 48bits for CCCH.  
From the above, it can be seen there are two extensions possible here for RRC messages – spare bit in the RRC CCCH messages themselves and the messageClassExtension allows additional 4 RRC messages of the same size as currently defined ones.  These are discussed in more detail below.
Solution 3: Spare bit in RRC CCCH messages
As can be seen from the above, there is (at least) one spare bit in each of the RRC messages themselves.  This can also carry one bit of additional information.
This can be used for new features.  This is more suited to carry information that is only required in one of the CCCH/CCCH1 message, where use of an LCID could be wasteful if the other CCCH1 messages are not used.  
Observation #8: RRC CCCH messages have (at least) one spare bit in each of the current messages that can be used to carry new information.  This is more suited to carry additional information that is applicable only for one message.

Solution 4: Message class extension in RRC CCCH messages
From the above, it can be seen there is the messageClassExtension that allows additional 4 RRC messages of the same size as currently defined ones (more messages can be used for smaller RRC messages).  These can be used for new features (in some ways, it can be seen as a critical extension).  As with the spare bit in RRC CCCH messages, this is more suited to carry information that is only required in one of the CCCH message, where use of an LCID could be wasteful if the other CCCH messages are not used.  For example, MUSIM can define a new ResumeRequest message to indicate that it has capability restriction.  
Observation #9: In the RRC CCCH message, there is possibility to add 4 new RRC messages (of same size as current ones) that can be used to carry new information.  This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest).
Solution 5: Spare RRC CCCH1 message
Logical channel CCCH1 was originally defined to cater for cells that support larger msg 3 size – 64 bits instead of 48 bits for CCCH.  An LCID was defined for CCCH1 when the msg 3 grant is for 64bits.  The new logical channel allowed the introduction of 4 common control channel RRC messages.  Currently, the only RRC message defined for the larger grant is RRCResumeRequest1.  
UL-CCCH1-MessageType ::=        CHOICE {
    c1                              CHOICE {
        rrcResumeRequest1               RRCResumeRequest1,
        spare3 NULL,
        spare2 NULL,
        spare1 NULL

    },
    messageClassExtension SEQUENCE {}
}
This leaves 3 spare messages and the message class extension (potentially 4 additional messages).  This makes it possible to define, for example, additional 3 RRCResumeRequestN messages to convey the additional information in CCCH1 and still be aligned with CCCH in terms of number of messages defined and future extensions possible.  Hence it is not automatically necessary to use up an LCID value for CCCH1 and defining a new RRC message can be considered instead.  
These can be used for new features (in some ways, it can be seen as a critical extension).  As with CCCH RRC extensions, this is more suited to carry information that is only required in one of the CCCH1 message, where use of an LCID could be wasteful if the other CCCH1 messages are not used.  For example, MUSIM can define a new ResumeRequest1 message to indicate that it has capability restriction.  
Observation #10: CCCH1 has 3 spare messages and additional 4 messages (of the same size) in the extension that can be used instead of always using of a new LCID for CCCH1.  This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest1).

Solution 6: Use of UE ID in RRC CCCH messages
There are 4 types of RRC CCCH messages defined so far: RRCSetupRequest, RRCResumeRequest, RRCReestablishmentRequest, RRCSystemInfoRequest. The RRC CCCH messages with the exception of RRCSystemInfoRequest have a UE ID field.  This UE ID field can also be used to carry additional information as discussed below.  As it is not normally required to carry additional information in the siRequest message and hence the lack of UE ID field for siRequest is not a problem.  The other three messages are discussed below.
RRCSetupRequest:  This message contains either parts of the UE CN ID (39 bits of S-TMSI with the remaining bits carried in the setupComplete) or a 39bit random number.  The size of this can be reduced to carry additional information.  The consequence is a small increase in the probability of collision of these bits resulting in a collision even after contention resolution.  This will eventually result in a failure of the connection request and a new connection setupRequest will be required.  This results in a small increase in connection setup time in a very small number of UEs.  Considering that connection setup delay in NR is not optimised and much longer than LTE, this is not a major issue.  
In terms of the additional information to be carried, the dynamic information does not normally apply for setupRequest – as discussed for MUSIM WI.  Only the static information is needed.
RRCResumeRequest: This message contains the short I-RNTI (24bits).  Some bits of this 24 bits space can be used to identify a UE capability (RedCap, NTN etc.).  This could be done by implementation with coordination between the gNBs (more suited for static information) or specified (more suited for dynamic information).   
RRCReestablishmentRequest: This message currently carries the C-RNTI and PCI.  It would be difficult to split the C-RNTI address space.  Instead, if an indication is needed in the re-establishment request message, an option could be use I-RNTI as a UE ID also in the re-establishment request (though this will require early configuration of the I-RNTI rather than in RRCRelease message).  
All of the above will require definition of a new RRC message that can be done with a critical extension as discussed above without needing additional bits.  

Observation #11: UE ID space in the CCCH RRC messages can also be used to carry additional information. 
Solution 7: Larger message 3 size and use of  CCCH1
Another approach could be to use the larger (64bit) msg 3 grant with corresponding new RRC messages for all UEs.  If the UE ID space is kept the same as for CCCH messages (i.e., 24bit I-RNTI, 39 bit S-TMSI etc.), then it will provide an additional 16bit to carry additional information.  Networks supporting R18 should always provide larger msg 3 grant. New RRC messages will need to be defined for CCCH1 logical channel.

The consequence of this is that there is a possibility that some UEs, notably at the cell edge may require an additional HARQ re-tx of msg 3 leading to a small increase in RACH completion time.  This was disputed by some companies and there are no simulation results for NR from RAN1.  Nevertheless, it should be safe to assume that even for these few UEs, the increase in delay will be very small and hence acceptable. 
Observation #12: Larger message 3 grant with new RRC CCCH1 messages with same UE ID bits as in the CCCH RRC messages will provide 16 additional bits to carry additional information. 

Summary of observations and extension mechanisms 
The document discussed RACH msg 3 history, its contents and possible extensions available with pros and cons for each one.
Summary of observations
The following observations were made:
Observation #1: CCCH1 was defined to allow network deployments to use larger msg 3 grant with full I-RNTI.
Observation #2: Current size limit of 48 bits for msg 3 contents is not a fixed size; the consequence for increasing it may be a small increase in delay for some UEs.
Observation #3: There are two types of additional information under discussion to be carried in msg 3: Static (UE capability related) and dynamic (UE current configuration related).
Observation #4: Only 6 LCID values are available for future use.  If no extension mechanism is agreeable, use of these values has to be restricted and other options considered.
Observation #5: There are two R bits in the MAC header for CCCH, one of which is common for all MAC headers and other only applicable for CCCH/CCCH1.
Observation #6: There are several other extensions mechanisms possible even if the main R bit used to indicate an extension of LCID space.
Observation #7: Use of R bit is a simple approach to provide many additional values for future extensions for CCCH/CCCH1.  The risk for future extension seems minimal.
Observation #8: RRC CCCH messages have (at least) one spare bit in each of the current messages that can be used to carry new information.  This is more suited to carry additional information that is applicable only for one message.
Observation #9: In the RRC CCCH message, there is possibility to add 4 new RRC messages (of same size as current ones) that can be used to carry new information.  This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest).
Observation #10: CCCH1 has 3 spare messages and additional 4 messages (of the same size) in the extension that can be used instead of always using of a new LCID for CCCH1.  This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest1).
Observation #11: UE ID space in the CCCH RRC messages can also be used to carry additional information. 
Observation #12: Larger message 3 grant with new RRC CCCH1 messages with same UE ID bits as in the CCCH RRC messages will provide 16 additional bits to carry additional information. 

Summary of extension mechanisms
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	Disadvantage
	Benefit
	Other discussion points

	Solution 1: Existing LCID space
	There are only limited number of spares.  Added complexity for F1 interface to transfer this information
	Simple, can be used until we run out of LCID and then bring in other solutions
	

	Solution 2: R bit in MAC header
	Risk of need for future extendibility; but it should be possible to address them
	An easy extension mechanism that gives 64 additional LCID values.  No impact to other specs (apart from F1) and minimal discussion needed
	Simplest and most flexible mechanism to adopt with no immediate negative impacts.

	Solution 3:Spare bit in RRC CCCH messages
	Can only carry one “bit” of information.  
	Simple
	This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest) or in conjunction with other more flexible solutions.

	Solution 4: Messageclassextension in RRC CCCH message (4 new messages)
	Requires defining new RRC messages (similar to critical extensions).  And only provides one additional “bit” of information for each RRC message if new messages have to be defined for all existing 4 messages.
	Can be used in specific cases while retaining the spare R bit 
	This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest) or in conjunction with other more flexible solutions.



	Solution 5: Define new RRC messages for CCCH1 (instead of always using a new LCID for CCCH1 as well)
	Additional RRC impact to create new messages (similar to critical extensions).  
Can results in different solutions for CCCH and CCCH1 that will require different handling in the network.
	Does not automatically use up another LCID values for CCCH1 every time it is done for CCCH.
	This is more suited to carry additional information that is applicable only for one message (e.g., MUSIM capability restriction in RRCResumeRequest1) or in conjunction with other more flexible solutions.  
For other scenarios, it can be considered if other simpler mechanisms are not agreeable.

	Solution 6: Borrow bits from UE ID in CCCH messages 
	Possibility of small increase in access delay for a small fraction of UEs.  Need to use critical extension of the CCCH messages.  Network coordination needed for UEID space allocation.
	Can provide a fair number of spare bits for future extensions.   Does not need to use the R bit.
	

	Solution 7: Always use larger (64 bit as in CCCH1) msg 3 size (with CCCH UEID size)
	Small probability of increase in delay for RACH access for a small number of UEs due to possible increase in number of HARQ re-tx

	Provides up to 16 additional bits with better future compatibility.  Does not consume the existing extension mechanisms in both MAC and RRC.
	



Conclusion and proposal
Based on the above analysis, we believe the best option is to use the R bit in the MAC header for general future extension and the remaining LCID values.  If this is not acceptable, we propose to consider other options that provide more flexibility for the future, such as UE ID based or larger msg 3.  Other options using RRC based solutions such as message extensions or spare bit can be considered for specific solutions either in conjunction with other solutions or if none of the more flexible options above is acceptable.  
Proposal: We propose to consider the extension mechanisms (in order of preference):
1) Use the R bit in the MAC header for future extension (which would add 64 new LCID values), and the remaining LCID values (solution 1+2).  
2) If use of R bit is not acceptable, to consider other options that provide more flexibility for the future, such as UE ID based (solution 6) or larger msg 3 (solution 7).  
3) Other options using RRC such as message extensions or spare bit can be considered for specific solutions (like MUSIM capability restriction) either in conjunction with other solutions or if none of the more flexible options above is acceptable.  This discussion can be had in the respective WI session after the decision on the previous two options for flexible extensions is made in the common session.
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