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1. Introduction
In RAN2#56bis meeting it has been agreed that the RA procedure assigns a T-CRNTI to the UEs in RACH Msg2. A T-CRNTI 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 Msg3.
In this contribution, we summarize the current available solutions for such T-CRNTI assignment, and investigate how to reduce the size of RACH Msg2.
2. Discussion
2.1 Options for T-CRNTI assignment
Option 1: Full 16 bit T-CRNTI assignment for each UE
In option 1 for each signature addressed in Msg2 a full 16 bit T-CRNTI is signalled together with the timing advance and the UL resource allocation [1].
· Pros: 
· Fully flexible setting of the T-CRNTI. 
· Simple
· 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 Msg2 or extensive usage of multiple messages for the same RA-RNTI.
Option 2: Short CRNTI per signature
In option 2 for each signature addressed in Msg2 a short n bit CRNTI (e.g. 8 bit) is signalled together with the timing advance and the UL resources. For getting the final T-CRNTI the short CRNTI is added to a long CRNTI0 as shown in Fig. 1, which is either fixed by the standard or signalled on BCH, e.g. together with the RACH parameters [2-4].
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Fig 1: Final T-CRNTI for option 2
· Pros: Smaller message size 

· Cons: 

· Biggish message saize if amount of signature is larger because still n bits per signature to signal.
· The T-CRNTI assignment in Msg2 should be within the reserved space which has 2n T-CRNTIs. The space is indexed by CRNTI0.
· When current space is going to be exhausted, signaling may be needed to change the CRNTI0.
· Increasing BCH load. 
Option 3: CRNTI0 + RAID+ short CRNTI
In option 3 for each signature addressed in Msg2, a short ns bit CRNTI (e.g. 6 bit) is signaled together with the timing advance, the UL resources and 6 bit RAID. For getting the final T-CRNTI the short CRNTI and the 6 bit RAID are added to a long CRNTI0 as shown in Fig. 2, which is either fixed by the standard or signalled on BCH, e.g. together with the RACH parameters [5].
16 bit T-CRNTI can be divided into the following parts:

· MSB n0 bits of T-CRNTI: given by CRNTI0, which is fixed by standard or signalled on BCH;
· Next 6bits of T-CRNTI: indicated by RAID, which has been used in the Msg1
· LSB (ns = 10 – n0) bits of T-CRNTI: given by Msg2
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Fig 2: Final T-CRNTI for option 3
· Pros: Smaller message size
· Cons: 
· Biggish message saize if amount of signature is larger because still ns bits per signature to signal.
· The T-CRNTI assignment in Msg2 should be within the reserved space which has 2(n+ns) T-CRNTIs, the space is indexed by CRNTI0. 

· For each RAID, the T-CRNTI assignment should be based on the RAID, and within the associated sub-space which has 2ns T-CRNTI’s, the sub-space is indexed by a pair of CRNTI0 and RAID.

· When one of the sub-spaces is going to be exhausted, signaling may be needed to change the CRNTI0.
· Increasing BCH load.
Option 4: Single full (16 bit) Base CRNTI and implicit assignments per signature
In option 4 only one Base CRNTI is included in the Msg2. The Base CRNTI corresponds to the first of the RAIDs. If more than one RAID is included in the same Msg2, the other T-CRNTIs are obtained implicitly from the Base CRNTI: The second T-CRNTI is equal to Base CRNTI+1, the third T-CRNTI is equal to Base CRNTI + 2 and so on [6]. 
· Pros: 
· Smaller message size 
· simple
· Cons: 
· The T-CRNTI assignment in Msg2 should be within a consecutive CRNTI space.
In option 4, there should exist N consecutive T-CRNTIs for allocation when eNB response to N preambles in one Msg2. However, N consecutive T-CRNTIs may not exist because there is no rigorous distinguish between T-CRNTI and CRNTI in current LTE standard. The same value can be used for both T-CRNTI and CRNTI. The description concerned in 36.300 is as below:

The T-CRNTI is promoted to CRNTI for a UE which detects RA success and does not already have a CRNTI; it is dropped by others. A UE which detects RA success and already has a CRNTI, resumes using its CRNTI.
Obviously, a UE takes more time on occupying CRNTI than on T-CRNTI, so that the unused CRNTIs are not always consecutive. Therefore, the option 4 is unfeasible. 

In this contribution, we provided option 5 base on the opting 4.
2.2 Option 5: Single or multiple full (16 bit) Base CRNTI and implicit assignments per RAID group
If N consecutive T-CRNTIs do not exist for allocation when N RAIDs included in one Msg2, there must exist k consecutive T-CRNTIs among the N T-CRNTIs if we define 1<=k<= N. Consequently, the N T-CRNTIs can be divided into m blocks (indexed by i, 1<=i<=m, m<= N), and block i contains ki CRNTIs (
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). If ki is set to the number of existent consecutive CRNTIs, and each first CRNTI of each block is regarded as a Base CRNTI, we can obtain m Base CRNTIs. Furthermore, N RAIDs can be also divided into m groups as m blocks of T-CRNTIs, and therefore we can define different Base CRNTI are associated with different RAID group, the relation is to 1-to-1. 
For each pair of Base CRNTI and RAID group, we use the method in option 4 to allocate T-CRNTI, and then the consequent focus is on how to make UE know the relationship between the Base CRNTI and RAID group. 
If we use the option 5 based on the format of RACH Msg2 agreed in RAN2 #61 meeting [6], we utilize ‘T’ to inform UE that which Base CRNTI can be used for own RAID. The method can be described as below:

· E = 1 non-last of the list

· E = 0 The end of the list 

· T = 1 This RAID has a NEW first started T-CRNTI within a consecutive T-CRNTI block.
· T = 0 

· In first byte: Load Control

· In other byte: It denotes that this byte has the same type (LC or RAID) as previous byte.

· If the previous byte is for RAID, then T =0 denotes this RAID has a followed T-CRNTI within a consecutive T-CRNTI block.
So we can give the format of the RACH Msg 2 as below: 
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Fig 3: Format of Msg2 Header for option 5
The load control parameter is not always included to the Msg2, and in this case the first “T” should set to 1. See Fig4 for details.
On the other hand, Msg2 consisting of just the load control parameter as shown in Fig5. This message would be used when the load control is needed but no preambles can be acknowledged. 
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Fig 4: Format of Msg2 Header in case of RAID only for option 5
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Fig 5: Format of Msg2 Header in case of Load control only for option 5
2.3 Comparison for different options
The trait of different options is summarized based on table 1 (N is the RAID number in Msg2, and m is the RAID group number for option 5):
Table 1: Comparison for different options

	
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5

	Number of  bits needed 
	16 * N 
	n * N
n is predefined number like 8
	ns * N
ns is predefined number like 6
	16
	16 * m

1<=m<=N

	 Need for other signaling
	NO
	need
	need
	NO
	NO


From the bit count and the complexity option 4 is better than other options, but if N consecutive T-CRNTIs do not exist for allocation when N RAIDs included in one Msg2, the option 4 is unfeasible. Therefor, we provide option 5 to solve the problem of option 4.

In case that optin 4 is unfeasible, option 5 divides the N T-CRNTIs into m blocks to accomplish one's mission. And option 5 has the same message size as option 4 on condition there exist N consecutive T-CRNTIs, because in this case m equal to 1.
Therefore, option 5 provides the most attractive results over other options.
3. Conclusion
In this contribution, different options for T-CRNTI assignment in RACH message 2 have been compared, and we propose the following:
Proposal 1: When n RAIDs are included in one Msg2, the RAIDs can be devided into m groups (1<= m<=n). Furthermore, m Base CRNTIs are included in the Msg2, and different Base CRNTI are associated with different RAID group, the relation is to 1-to-1. 

Proposal 2: For each pair of Base CRNTI and RAID group, we use the method in option 4 to allocate T-CRNTI. 
Proposal 3: The format of the RACH Msg2 is described in Fig3.
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