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1 Introduction
The C-Plane latency target for LTE Advance is significantly improved compared to that in LTE Rel-8. The latency for transition from RRC_Idle mode to RRC_Connected mode is targeted to be no more than 50 ms including the establishment of the user plane (excluding the S1 transfer delay). Note that the C-Plane latency target includes RAN and CN latencies (excluding the S1 interface transfer latency) in unloaded conditions. 
In order to meet the LTE-Advanced target latency requirement of 50 ms for transition from RRC idle to connected, the concept of transmitting combined RRC connection request with NAS service request was proposed in [1]. Detailed methods to support the transmission of combined RRC and NAS messages have been proposed in [2] [3]. In this contribution, we compare and analyze those methods and recommend preferred solutions with the least significant drawbacks.

2  Discussion
In RAN 2 meeting 66, several methods to allow combined RRC and NAS requests in random access msg3 are proposed in [2] and [3]:  

· Method 1: Preamble group B is used to indicate UE wants to transmit RRC and NAS messages in MSG3 [2]
· Method 2: New interpretation of RAR for Rel-10 UEs [2]
· Method 3: Schedule Rel-10 UEs on a new, second RA-RNTI [2]
· Method 4: The network can provide different grants in different cells [2]
· Method 5: Increased power class for the LTE-A UE [3]
· Method 6: More HARQ retransmissions for RACH MSG3 [3]
· Method 7: TTI bundling for RACH MSG3 [3]
Each method has its own trade-offs in terms of complexity and feasibility. We analyze and compare these methods below:
Method 1: Preamble group B is used to indicate UE wants to transmit RRC and NAS messages in MSG3
Pros: 

· No change of the standards is required for UE side since preamble groups A and B are already defined in LTE Rel-8. 
· Upon receiving preamble belonging to group B, the eNodeB knows that such a UE has message size larger than RRC message and is in good geometry to support transmission of a larger random access msg3. 

Cons: 

· The eNodeB cannot distinguish Rel-10 UE (who requires latency reduction) vs. Rel-8 UE (who does not require latency reduction) unless it restricts all Rel-8 UEs to use preamble group A. 

· If Rel-8 UEs are also allowed to use preamble group B, extra resources allocated to Rel-8 UEs are unnecessary.  

· The collision probability of random access preambles is determined by the ratio between random access traffic (number of random access attempts per second) and number of random access opportunities. Theoretically, a careful division of preamble groups A and B based on expected ratio of users having good geometry and larger size msg3 should keep the collision probability roughly the same as one group. However, in reality such a ratio is time-varying and resolution of preamble group division is limited in Rel-8 (in order of 4 preambles) so that perfect division of preamble groups A and B is not possible. Therefore, this method may lead to inefficient usage of preambles.  
Method 2: New interpretation of MAC RAR for Rel-10 UEs
Pros: 

· Since Rel-8 MAC RAR is interpreted differently by Rel-8 and Rel-10 UEs, no extra signaling in DL is needed. 
Cons: 

· In LTE, the uplink transmission format is totally determined by NodeB, which leaves no freedom for UE to select transport format. Therefore this method is a deviation of LTE uplink scheduling principle. 

· Higher complexity at UE since Rel-10 UE has to implement a TFC selection function for random access MSG3
· Unnecessary resources allocation for Rel-8 UEs
· Higher complexity at eNB since it has to blindly decode random access MSG3 
Due to aforementioned drawbacks of the method 2, it is not a preferred solution. 
Method 3: Schedule Rel-10 UEs on a new, second RA-RNTI

Pros: 

· Limited change of standards (assume the second UL grant will follow the same format as MAC RAR or UL grant in Rel-8)

Cons: 

· Extra control signaling (second UL grant) is required in the DL to signal either more resources or higher MCS for Rel-10 UE. 
· If second RA-RNTI’s are not restricted from R8 UEs unnecessary resources will be allocated to these Rel-8 UEs (if the second UL grant signals more resources). 
Method 4: The network can provide different grants in different cells
Pros: 

· No change is required in the standards since Rel-10 UE will just follow the high rate UL grant to transmit combined RRC and NAS messages in MSG3. 
· No extra DL signaling is required.
Cons: 
· With this method, latency reduction for transition from idle to connected state is provided only in some high cell edge rate cells, but not consistently for all cells in Rel-10. Therefore this method is not a preferred solution. 

Method 5: Increased power class for the LTE-A UE 

Pros: 
· Allow otherwise power-limited UE to transmit both RRC connection request and NAS service request in MSG3 given eNB will provide more resources and/or higher MCS in uplink grant.
Cons: 

· This method adds a new UE power class while RAN4 is working on reducing the number of UE power classes. 

· An increased UE power class will impact several aspects such as spectrum emission mask, ACLR and etc. These are significant problems; therefore this method is not preferred.
Method 6: More HARQ retransmissions for RACH MSG3
Pros: 

· Little change in standards (only increase the number of HARQ retransmissions of MSG3 for Rel-10 UEs)

· No need to allocate more UL resources in time/frequency domain or use a higher MCS
· Allow power-limited UE to transmit both RRC connection request and NAS service request in MSG3 

Cons: 

· Since the gains are obtained from more HARQ retransmissions, in reality this method will have significantly more delay (# of retransmissions × HARQ RTT) compared to all other methods. Since the purpose is to reduce latency this method is not a preferred solution.
Method 7: TTI bundling for RACH MSG3

Pros: 

· No need to allocate more UL resources in frequency domain (in one sub-frame) or use a higher MCS
· Allow power-limited UE to transmit both RRC connection request and NAS service request in MSG3 

Cons: 

· Since the gains are obtained from TTI bundling, this method will have slightly more delay (1~3 subframes) due to TTI bundling compared to methods 1-5. 
· Resources reserved for TTI bundling (in subsequent TTIs) will be wasted for Rel-8 UEs.
3 Summary 
In our opinion, methods 2, 4, 5 and 6 are not preferred because they have significant drawbacks. On the other hand, methods 1, 3 and 7 have less serious drawbacks. Therefore, we recommend RAN2 to further study methods 1, 3 and 7 for idle to connected latency reduction. 

A summary of each method’s pros and cons is listed in the following table. 
	Method
	Pros
	Cons

	1: Preamble group B is used to indicate UE wants to transmit RRC and NAS messages in MSG3
	· No change of the standards

	· Cannot distinguish R8/R10 unless it restricts all Rel-8 UEs to preamble group A
· Inefficient use of preambles
· If Rel-8 UEs are allowed to use preamble group B, extra resources allocated to Rel-8 UE are unnecessary 

	2: new interpretation of RAR for Rel-10 UEs
	· No extra signaling in DL
	· Deviation of LTE uplink scheduling principle 

· Higher complexity at UE due to TFC selection
· Unnecessary resources allocation for Rel-8 UE
· Higher complexity at eNB due to blind decoding

	3: Schedule Rel-10 UEs on a new, second RA-RNTI
	· Limited change of standards (assume second UL grant will follow the same format as MAC RAR or Rel-8 UL grant)
	· Extra signaling in the DL

· If second RA-RNTI is not restricted from R8 UEs unnecessary resources allocation for Rel-8 UE

	4: The network can provide different grants in different cells
	· No extra DL signaling required
· No standards change 
	· Latency reduction only in some high cell edge rate cells, but not consistently for all cells in Rel-10

	5: Increased power class for the LTE-A UE
	· No extra DL signaling required

	· Add a new UE power class while RAN4 is working on reducing number of UE power classes. 

· Impact several aspects such as spectrum emission mask, ACLR and etc. 

	6: More HARQ retransmissions for RACH MSG3
	· Little change in standards

· No need to allocate more UL resources or use higher MCS
· Allow power-limited UE to transmit both RRC and NAS messages in MSG3 
	· Significantly more delay (# of retransmissions × HARQ RTT) compared to other methods


	7: TTI bundling for RACH MSG3
	· No need to allocate more UL resources in the same TTI or use higher MCS
· Allow power-limited UE to transmit both RRC and NAS messages in MSG3 

	· Slightly more delay (1~3 subframes) compared to methods 1-5
· Resources reserved for TTI bundling (in subsequent TTIs) will be wasted for Rel-8 UEs 


Table 1: Summary of methods to support transmission of combined RRC and NAS messages
4 Conclusions 

In this contribution, we have further investigated the pros and cons of those methods proposed in [2, 3] to support the transmission of combined RRC and NAS messages in MSG3. Based on the investigation, we recommend RAN2 to further study the following methods as candidate solutions to achieve the LTE-A latency requirement for transition from idle to connected:  

· Method 1: Preamble group B is used to indicate UE wants to transmit RRC and NAS messages in MSG3 [2]
· Method 3: Schedule Rel-10 UEs on a new, second RA-RNTI [2]

· Method 7: TTI bundling for RACH MSG3 [3]
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