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1 Introduction
In this contribution we focus on analyzing the impact of carrier aggregation on RLC and PDCP protocols for LTE Rel-10.
In RAN2#66 meeting, it has been agreed that RLC protocol of LTE Rel-8 fulfils the requirements posed by carrier aggregation (FFS for RLC SN size). In this document, we investigate if RLC SN size and PDCP SN size are sufficient for the increased data rate provided with carrier aggregation. 
2 Discussion
2.1 CA Deployment scenarios
The carrier aggregation technology can be used for meeting the LTE-A requirement as below, which is descript in [1] and [2]:

· 100MHz spectrum aggregation;
· The downlink peak data rate is 1Gbps and the uplink peak data rate is 500Mbps (CA with 8*8MIMO);
· Downlink peak spectrum efficiency is 30bps/Hz and the uplink peak spectrum efficiency is 15bps/Hz;

· Assumption of antenna configuration is 8*8 or less for DL and 4*4 or less for UL.

From [3], we can learn that the deployment scenarios with highest priority as below.
	Scenario No.
	Deployment Scenario
	Transmission BWs of LTE-A carriers
	No of LTE-A component carriers
	Bands for LTE-A carriers
	Duplex modes

	1
	Single-band contiguous spec. alloc. @ 3.5GHz band for FDD
	UL: 40 MHz

DL: 80 MHz
	UL: Contiguous 2x20 MHz CCs

DL: Contiguous 4x20 MHz CCs
	3.5 GHz band
	FDD

	2
	Single-band contiguous  spec. alloc. @ Band 40 for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	Band 40 (2.3 GHz)
	TDD

	3
	Single-band contiguous spec. alloc. @ 3.5GHz band for TDD
	100 MHz
	Contiguous 5x20 MHz CCs
	3.5 GHz band
	TDD


From the description above, we can learn that RAN2 should consider scenario of 5 component carrier aggregation with MIMO technology.
From [2], it is said as below:
	At a minimum, Advanced E-UTRA should support the key feature of IMT-Advanced which is stated in the Circular Letter from the ITU-R as "enhanced peak data rates to support advanced services and applications (100 Mbit/s for high and 1 Gbit/s for low mobility were established as targets for research)" 


We can learn that LTE-A UE in low mobility can sustain the 1Gbps rate for a while in good radio condition. And the test condition of RF test is to assume the code rate is 1. So we give our proposal 1:

Proposal 1: When we analysis the RLC and PDCP SN, we should consider the scenario: five component carriers with MIMO technology.
We will discuss the RLC SN and PDCP SN in the next sections based on this scenario.
2.2 RLC
Carrier aggregation is transparent to the RLC protocol. The Rel-8 version of RLC protocol can be reused in LTE-A, but some improvements are necessary or at least desirable. Considering up to five component carriers and two transport blocks per component carrier provided by MIMO, RLC may create up to 10 new PDUs per subframe.
The scenario is that eNB transmits data to UE on 5 component carriers with MIMO, and the maximum number of HARQ transmission is 5. For there is some error probability, it will occurs that one HARQ process transmission fails after HARQ retransmission. Considering the HARQ RTT timer is 8ms for FDD, and 10ms at most TDD configuration, before RLC detects the RLC PDU transmission failure, there is at least 40ms (for FDD) or 50ms (for TDD), and about 400 or 500 RLC SN is consumed. For the RLC transmitting window size is 512 (half of the SN range), there is only 10ms or less for the RLC to retransmit the data successfully which can make the data transmission consecutively, otherwise window stalling may occur and data rate will be reduced.
The analysis above is only based on the assumption that transmitting RLC window can move based on the local HARQ transmission report. If the RLC window just move based on the status report from peer RLC entity, considering the T-Reordering and the T-StatusProhibit function and the status report transmission, the window moving will be slower and the window stalling will happen more easily.
Proposal 2: To avoid window stalling, we propose to extend RLC SN size.
Considering RLC SN size extension, we should consider the compatibility of system with different RLC SN size. In Rel-8, for the handover or connection re-establishment, UE will re-establishment the RLC entity. So the RLC SN size extension will not introduce any compatible problem.
2.3 PDCP
Carrier aggregation is also transparent to the PDCP protocol. But the increased data rate induces an increased PDCP SN consumption rate. To avoid SN ambiguity and loss of HFN synchronization, it needs to be evaluated whether the current PDCP SN size is sufficient. The Rel-8 PDCP SN size is 12 bit. For PDCP transmitter there is no any limit according to Rel-8 PDCP protocol, but actually the same PDCP SN with which the PDU has not yet been acknowledged by the RLC transmitter can not be assigned to a new PDU. For PDCP receiver, in normal case there is no problem as the RLC receiver ensures in-sequence delivery towards PDCP entity. However, during handover the PDCP receiver can only deal with an out-of-order within 2048 PDUs. With an IP packet size of 1500 bytes this corresponds to about 3Mbytes. In other words, it will lead PDCP SN ambiguity and loss of HFN synchronization that more than 3Mbytes out-of-order data is received from the RLC receiver. Considering the 100Mbps rate requirement for high speed mobility, for the RLC receiver, the extreme out-of-order data can be 100kbit/ms * 512/8= 6.4Mbytes. During handover, it will bring the risk of PDCP SN ambiguity and loss of HFN synchronization to sustain transmission speed of RLC PDUs.
Proposal 3: To avoid PDCP SN ambiguity and loss of HFN synchronization during handover, we propose to extend PDCP SN size.
Considering PDCP SN size extension, we should consider the compatibility of system with different PDCP SN sizes. For RLC-UM DRBs and SRBs, the PDCP SN and HFN are reset in the target. There is no compatible problem if PDCP SN size is changed. For RLC-AM DRBs, PDCP status preservation applies. If PDCP SN size is changed, the old PDCP SN and HFN can be segmented to the new PDCP SN and HFN with the same value of COUNT. The PDCP SN and HFN of the first missing SDU and the first non-acknowledged SDU would be transferred from the source eNB to the target eNB. The source eNB may forward in order to the target eNB all downlink PDCP SDU from the first SDU that has not been acknowledged by the UE without a PDCP SN. The out-of-order SDUs may be discarded. So the compatible problem of PDCP SN size extension is not very large.
3 Conclusion
In this document we investigated the impact of carrier aggregation on RLC and PDCP protocols for LTE Rel-10 and indicated the following proposals:
Proposal 4: When we analysis the RLC and PDCP SN, we should consider the scenario: five component carriers with MIMO technology.

Proposal 5: To avoid window stalling, we propose to extend RLC SN size.

Proposal 6: To avoid PDCP SN ambiguity and loss of HFN synchronization during handover, we propose to extend PDCP SN size.
We think the RLC transmit window stalling probability increasing is not negligible and the risk of PDCP SN ambiguity and loss of HFN synchronization should be considered, and the compatible problem of SN extension is small. So SN space spread should be investigated.
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