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1 Introduction
In [1], we presented how the 50 ms control plane activation target for LTE Advanced could be achieved by allowing the UE to transmit the NAS Service Request together with the RRC Connection Request. In this contribution we present some alternatives of supporting combined transmission of these messages. 
2 Discussion
One problem with sending the NAS Service Request together with the RRC Connection Request message is the treatment of the Serving Grant for msg3 in the setup sequence. The network must schedule msg3 without knowledge of the UE channel quality. Sending both messages at the same time may not be the best solution in all situations, e.g. at the cell edge. 
We note that the UE has the ability to calculate the downlink path loss based the referenceSignalPower and filtered RSRP. The downlink path loss can be used as an indication of the uplink path loss, and this could be used to select a suitable modulation order and TBS in the UE. We acknowledge that it can be problematic to make accurate link quality estimation before transmission of msg3, but we believe the accuracy should be enough to choose between two formats, i.e. RRC+NAS or RRC alone. 
One solution could thus be to give the UE more freedom to select the uplink modulation order and TBS for msg3. Below, a few approaches to support the combined AS/NAS are listed: 
1. Preamble groups. Rel-8 includes the definition of preamble groups. Preamble group B could be used by the UE to indicate that it would like to transmit both RRC connection request and NAS Service Request in msg3. However, one drawback with this approach is that it divides RA resources into two groups, potentially leading to inefficient use of RA resources.
2. New interpretation of the MAC Random Access Response (RAR) for Rel-10 UEs. Currently, for Rel-8 UEs the 4bit "Truncated Modulation and Coding Scheme (MCS)" in the RAR points to a single format. For release Rel-10 UEs, the interpretation could be set of MCSs, from which the UE can choose, based on the transmit buffer size, the measured path loss and the available transmit power. Blind detection in the eNB is then needed to determine the used format. The interpretation can also be increased to cover also the resource block assignment. However, as the eNB can not determine theUE release based on the preamble (except if combined with alt.1), this would lead to unnecessary allocation of uplink resources for Rel-8 UEs. As the new interpretation would be fixed in the specification, the reserved bit in the MAC RAR could be used to indicate to the UE whether the new interpretation should be used or not. The eNB could use this e.g. if it is resource limited.
3. Schedule Rel-10 UEs on a new, second RA-RNTI, in addition to the MAC RAR. A new formula would be defined for Rel-10 UEs on how to calculate the second RA-RNTI. This would allow the eNB to schedule Rel-10 UEs differently, as only Rel-10 UEs would listen for UL grants on the second RA-RNTI. The second UL grant can be used in different ways. Two possible versions:
a. The second grant can point to the same Resource Blocks (RB) as the MAC RAR, but with a different modulation order and TBS. The Rel-10 UE can then choose which format to use and blind decoding is needed in the eNB to detect the used format.
b. The second grant can point to different RBs than the MAC RAR. This could be used to provide the UE with additional resources to transmit the initial NAS message. As both RA-RNTIs are related to the initial Random Access preamble, the eNB is able to combine the two transmissions. To maintain the single frequency property, RBs need to be adjacent, or placed in separate subframes.
4. The network can provide different grants in different cells. For instance combined AS/NAS could be supported in cells with high cell edge bit rates. No impact on specification except that UE needs to send combined message if there is large enough grant.
3 Performance evaluation

A delay estimation of the Rel-8 control plane activation was presented in [1]. In table 1, we provide an update with theoretical minimum values for a delay optimized system with 1 ms RACH cycle and sending msg2 the start of the RA response window [2]. It is shown that by applying the combined transmission of the RRC Connection Request and NAS Service Request, the 50 ms target can be reached with a moderate 20% reduction of the UE RRC processing delay requirements.
Table 1: Estimated delay components
	Component
	Description
	Rel-8


	Combined initial RRC/NAS
	Reduced processing delays

	1
	Average delay due to RACH scheduling period
	0.5
	0.5
	0.5

	2
	RACH Preamble
	1
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	3
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15
	12

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	
	

	12
	S1-C Transfer delay
	T_S1
	
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	
	

	14
	S1-C Transfer delay
	T_S1
	
	

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5
	1,5
	1,5

	17
	Processing delay in UE (L2 and RRC)
	20
	20
	16

	 
	Total delay [ms]
	76
	57
	50


4 Conclusion

It is proposed to discuss the approaches listed in this contribution to support combining the initial AS/NAS. 
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