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1 Introduction

In previous RAN2 meeting, potential user plane enhancement issues in LTE-A are discussed in [7], [8], [9], [10], [11]. In this contribution, we will give further analysis on the necessity for user plane enhancement with the increase of application peak rate and PHY peak rate.
2 Discussion
1 Gbps peak data rate indicates 1 Mb per ms data arrival rate. Given a moderate TB size assumption 16348 bytes, 8 TBs will be enough for transmitting all the arrival data within one subframe. Thus, 8 TBs requires 4 component carriers, and each of which supports 2 TBs in one subframe. From physical layer viewpoint, if 8 transmitted antennas are supported, the theoretical maximum TB size is 37844 bytes. Even with existing maximum TB size 32767 bytes in Rel-8 [4], the spectrum efficiency is far more enough to support 1Gbps peak data rate considering carrier aggregation. Based on these considerations, the use plane enhancement in LTE-A is analyzed from up to down viewpoint.

2.1 PDCP enhancement

The PDCP SN size for EUTRAN is determined based on the analysis in [6]. And we give a further analysis on the PDCP enhancement considering the increased peak data rate requirement.
PDCP shall be able to provide the enough SN length to handle PDUs to avoid following problems: 1) bulk discarding over the S1/X2 interface due to overload in eNB; 2) HFN mismatch. The metrics for PDCP SN size calculation are as follows:
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Since PDCP window is half of packet numbers supported by the PDCP SN size, 
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 PDCP PDUs in flight, and
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 should be met. With EUTRAN 12bits PDCP SN size, the value of 
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 can be deduced as 468.75 Mbps, which is smaller than the maximum 1Gbps requirement. And with 1Gbps peak data rate, 
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. But in practice, whether it is necessary to support 1Gbps sustain peak data rate. Considering this problem, we have following proposal:
Proposal1: To determine if there is need to perform PDCP enhancement in RAN2, we propose to ask SA1 whether it is necessary to support sustain peak data rate larger than 468.75 Mbps in practice.
If the answer is yes, two options can be considered for PDCP enhancement: 1) PDCP SN size extension; 2) Concatenating multiple PDCP SDUs into one PDCP PDU. For option1, we can simply use the 3 reserved bits in PDCP header for extending the SN size to 14 or 15 bits. For option2, it can help to reduce the RLC concatenation number in each TB within one subframe, which reduces the RLC implementation complexity. However, with increasing hardware processing capability, it seems no restriction on RLC to concatenate more RLC SDUs within 1ms based on the PHY peak rate requirement. In addition, some problem will be caused if PDCP concatenation is performed when the HO from LTE-A to LTE happens. For example, all the concatenated data needed to be converted into the right configuration, which may be complex if the number of concatenated PDCP SDUs is not fixed. Moreover, more standard impact will be caused by PDCP concatenation compared with extending PDCP SN size. So, we have following proposal:
Proposal2: PDCP SN size should be extended if PDCP enhancement is needed.
2.2 RLC/MAC enhancement

With 15 bits LI definition in Rel-8 [5], the maximum TB size (37844 bytes) with 8 Tx antenna configuration can’t be supported with out MAC SDU concatenation. In Rel-8, MAC can ask RLC to send one RLC PDU of certain logical channel for one TB, and the RLC PDUs from different logical channels can be multiplexed in to one TB. So, if rel-10 supports two RLC PDUs from identical logical channel multiplexed into one TB, there is no need for MAC modification to support 8 Tx antenna configuration in LTE-A. Accordingly, there is no need to change the segment offset field in the RLC segments as well.
Now let’s see what will happen to RLC if no LI extension is perform in MAC. Suppose the highest spectrum efficiency is achieved using 8Tx antenna configuration, 4 TBs is enough to support 1Gbps peak data rate. And one TB with maximum capacity contains 2 RLC PDUs, and 8 RLC PDUs need to be generated per TTI. Even with maximum Rel-8 TB size 32767bytes, 4 TBs are also enough and only 4 RLC PDUs are needed. Considering worse channel condition, at most 4 component carriers are used (this assumption is based on the prioritized deployment scenarios listed in [12]), and each of which transmit two TBs per TTI. Accordingly, we can conclude that at most 8 RLC PDUs can be generated per TTI for each logic channel. And keeping MAC LI unchanged will not increase the maximum number of RLC PDUs. So, we have following proposal:

Proposal3: No MAC modification is needed with the increase of PHY peak data rate in each component carrier.

As the maximum RLC PDUs generate per TTI in LTE-A increase 4 times compared with LTE, it is questionable whether 512 RLC window size (i.e., 10bits RLC SN size) in Rel-8 is enough for Rel-10. Based on the simulation parameters listed in the Annex, the simulation results in Table I show that no RLC window stalling happens if reasonable values are set for RX_STATUS_PROHIBIT_TIMER and POLL_THRESHOLD, which are marked in green in the table. Note that the POLL_THRESHOLD can map to the PollPDU and PollByte defined for RLC polling in 36.331. We can find that RX_STATUS_PROHIBIT_TIMER play more important role in preventing RLC window stalling compared with POLL_THRESHOLD. And, smaller RX_STATUS_PROHIBIT_TIMER implies less RLC window stall times as well as stall TTI number at the cost of increase number of status PDUs. So, we have following proposal:
Proposal4: RLC SN size may not need to be extended if proper parameter values are set for RLC status report.
Table I
RLC Window Stalling
	POLL_THRESHOLD
(RLC Window Occupied Rate)
	0.7
	0.5
	0.5
	0.3
	0.3
	0.5
	0.7
	0.8

	RX_STATUS_PROHIBIT_TIMER
	50
	50
	45
	45
	40
	40
	40
	40

	RLC Window Stall Times
	83
	46
	16
	5
	0
	0
	0
	25

	Number of Stall TTIs
	438
	234
	79
	22
	0
	0
	0
	131

	Number of Status PDUs
	1960
	1961
	2174
	2174
	2439
	2439
	2439
	2389


3 Conclusions
In this paper, we discuss the need for UP enhancement to meet both application and PHY peak rate requirement considering 8 Tx high-order MIMO and carrier aggregation. Based on the detail analysis and simulation result, following proposals are deduced:
Proposal1: To determine if there is need to perform PDCP enhancement in RAN2, we propose to ask SA1 whether it is necessary to support sustain peak data rate larger than 468.75 Mbps in practice.
Proposal2: PDCP SN size should be extended if PDCP enhancement is needed.
Proposal3: No MAC modification is needed with the increase of PHY peak data rate in each component carrier.

Proposal4: RLC SN size may not need to be extended if proper parameter values are set for RLC status report.
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5 Annex
Table II  Simulation Parameters

	Parameter
	Assumption/Value

	Carrier Num
	4

	TBs in each carrier
	2, each TB contains one RLC PDU

	MAX HARQ tx times
	5

	Tx error rate
	1st  HARQ
	0.3

	
	2nd HARQ
	0.055

	
	3rd HARQ
	0.01

	
	4th HARQ
	0.001

	
	5th HARQ
	0.0005

	AM RLC Window Size
	516

	RX_REORDERING_TIMER
	20ms

	TX_POLL_RETRANSMIT_TIMER
	20ms

	Simulation Time
	100000 TTIs
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