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Introduction
In RAN2-56bis it was decided on the RACH procedure to assign a C-RNTI to the UEs in RACH message 2. A C-RNTI will be assigned for all signatures received at a certain occasion and transmitted to all UEs listening to a certain RA-RNTI together with the UL timing advance (UL TA) and the Uplink resources for message 3. 
Up to maximum 64 signatures are possible in a single RACH occasion, but as can be concluded from [1] only a certain amount of them will be normally used per occasion. Nevertheless a transmission of full (16 bit) C-RNTIs for all used signatures might put an unnecessary burden on message 2. 

In the following we discuss options to estimate respectively reduce the burden:

Option A: Full 16 bit C-RNTI per signature.

Option B: Short (e. 8 bit) C-RNTI per signature (as proposed in [2]).

Option C: Single full (16 bit) base C-RNTI and implicit assignments per signature.
Discussion
Opt A: Full (16 bit) C-RNTI per signature
In option A for each signature addressed in message 2 a full 16 bit C-RNTI is signalled together with the timing advance and the UL resource allocation. See table 1 for details.
Table 1
	Information elements
	Bits
	Final CRNTI

	Number of Signatures
	6
	

	
Signature_1
	6
	C-RNTI = C-RNTI_1

	
C-RNTI_1
	16
	

	
Timing Advance_1
	TA
	

	
UL Resource Allocation_1
	UL-RA
	

	
Signature_2
	6
	C-RNTI = C-RNTI_2

	
C-RNTI_2
	16
	

	
Timing Advance_2
	TA
	

	
UL Resource Allocation_2
	UL-RA
	

	
	
	

	
Signature_N
	6
	C-RNTI = C-RNTI_N

	
C-RNTI_N
	16
	

	
Timing Advance_N
	TA
	

	
UL Resource Allocation_N
	UL-RA
	

	Sum
	N*16+ N*(6+TA+ULRA)+6
	


Pros:

-
Fully flexible setting of the C-RNTI.
Cons:

· maximum number of bits necessary for signalling and therefore all drawbacks of increasing the message size.

This could result in :
-
Need for segmentation of message 2 or extensive use of multiple messages for the same RA-RNTI. 
Opt B: Short C-RTNI per signature
In option B for each signature addressed in message 2 a short n bit C-RNTI (e.g. 8 bit) is signalled together with the timing advance and the UL resources. For getting the final C-RNTI the short C-RNTI is added to a long C-RNTI0, which is either fixed by the standard or signalled on BCH, e.g. together with the RACH parameters. See table 2 for details.
Table 2
	Information elements
	Bits
	Final CRNTI

	Number of Signatures
	6
	

	
Signature_1
	6
	C-RNTI = C-RNTI0 + short C-RNTI_1

	
Short C-RNTI_1
	8
	

	
Timing Advance_1
	TA
	

	
UL Resource Allocation_1
	UL-RA
	

	
Signature 2
	6
	C-RNTI = C-RNTI0 + short C-RNTI_2

	
Short C-RNTI_2
	8
	

	
Timing Advance_2
	TA
	

	
UL Resource Allocation_2
	UL-RA
	

	
	
	

	
Signature_N
	6
	C-RNTI = C-RNTI0 + short C-RNTI_N

	
Short C-RNTI_N
	8
	

	
Timing Advance_N
	TA
	

	
UL Resource Allocation_N
	UL-RA
	

	Sum
	N*8+ N*(6+TA+ULRA)+6
	


Pros:

-
Smaller message size 

Cons:

Still 8 bits per signature to signal 

A C-RNTI0 has to be either standardised or signalled on BCH (increasing BCH load)

Depending on the size of the short C-RNTI, the C-RNTI room has to be reserved and new C-RNTIs have to be assigned as soon as possible to free the C-RNTI0 space.
Opt C: Base 16 bit C-RTNI for all signatures addressed in message 2 and implicit assignment
A base C-RNTI is signalled with every message 2; for each signature listed subsequently the position within the list is added to the base C-RNTI to get the final C-RNTI for this signature; see table 3 for details.
Table 3: Example for message 2 with Base C-RNTI
	Information elements
	Bits
	Final CRNTI

	Base C-RNTI
	16
	

	Number of Signatures
	6
	

	
Signature_1
	6
	C-RNTI = Base C-RNTI + 0

	
Timing Advance_1
	TA
	

	
UL Resource Allocation_1
	UL-RA
	

	
Signature_2
	6
	C-RNTI = Base C-RNTI + 1

	
Timing Advance_2
	TA
	

	
UL Resource Allocation_2
	UL-RA
	

	
	
	

	
Signature_N
	6
	C-RNTI = Base C-RNTI + (N-1)

	
Timing Advance_N
	TA
	

	
UL Resource Allocation_N
	UL-RA
	

	Sum
	16+ N*(6+TA+ULRA)+6
	


There is no real impact seen on the UE complexity.
In eNB there is some restriction on the selection on the base C-RNTI: at least a contiguous space of N C-RNTIs has to be found to keep consistency, with N≤ 64. However considering the large C-RNTI space (16 bit) and the fact that all assigned C-RNTIs are under control of the same eNB this restriction seems less inflictive. 

Further the probability that 64 signatures are received for a single message 2 occasion is rather unlikely given the traffic models [1].
Additionally there is always the way out to split message 2 in more parts if there is need for excessive contiguous C_RNTI space. Alternatively option A could be used as fall back solution however we assume that a high number of signatures in msg2 are a rare case.
So from the bit count and the complexity Option C gives the most attractive results for a number of signatures greater than 1.
Conclusion
From the discussion above we conclude, that option C should be adopted for C-RNTI assignment in message 2.
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