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1. Introduction
Stage 1 rate matching for LTE was initially proposed in early 2007 [1], and was subject to a more specific proposal in [2] with an updated proposal using the more accurate Limited Buffer Rate Matching (LBRM)  terminology proposed in [3][4] . Similar to HSDPA, the primary benefit of LBRM is to reduce UE HARQ soft buffer sizes while maintaining the same peak data rates for each UE category.
While details on UE soft buffer sizes have not been fully agreed, Motorola’s proposal [5] is shown below in Table 1. For the particular buffer dimensions applied in this proposal, the total UE soft memory size is reduced by 50% for each class. Importantly, and as noted in Table 1, LBRM has no effect on HARQ performance for TBS sum dimensions which are less than or equal to one half of the category-specific maximum TBS sum dimension. Or in other words, for data rates equal to or less than one half of the maximum data rate, LBRM has no impact at all on performance.
	Parameter
	Units
	UE Category

	
	
	1
	2
	3
	4
	5

	Max. TBS Sum
	Bits
	10,040
	50,000
	100,000
	150,112
	300,064

	UE Total Soft Storage with LBRM
	Soft Bits
	120,480
	600,000
	1,200,000
	1,801,344
	3,600,768

	UE Total Soft Storage without LBRM
	Soft Bits
	240,960
	1,200,000
	2,400,000
	3,602,688
	7,201,536

	UE Soft Storage Reduction
	%
	50
	50
	50
	50
	50

	Max. Data Rate
	Mbps
	10.0
	50.0
	100.0
	150.1
	300.1

	Achievable max. TBS Sum without any LBRM impact
	Bits
	5020
	25,000
	50,000
	75,056
	150,032

	Achievable max. Data Rate without any LBRM impact
	Mbps
	5.0
	25.0
	50.0
	75.1
	150.0


Table 1 – UE downlink max. transport block size (TBS) sum and soft buffer storage.

The primary impact of the proposed LBRM mechanism is, for certain very large TBS sum
 values, the minimum achievable encoding rate, including any retransmissions (assuming that IR is used), will be higher than the LTE mother code rate (1/3). Not withstanding that the technique has been adopted for HSDPA, it has been argued that the adoption of LBRM and the resulting achievable code rate impact could potentially affect HARQ performance. Accordingly, details on link level HARQ performance impact of LBRM are given in [6]. In addition, this contribution discusses the impact of LBRM from a network perspective. Simulation results in this document show that, for standard LTE deployment scenarios, enabling LBRM has little or no impact on network performance.
2. Discussion
Table 2 shows downlink capacity system simulation results with and without LBRM, for LTE deployment scenario Case 1 assuming Table 1, where we further assume that the total HARQ soft memory resource was not flexibly allocable between HARQ processes.  Simulation assumptions are listed in Annex A.

	Scenario
	Sector tput (kbps)
	Cell Edge tput (kbps)

	Without LBRM
	18492.23
	521.09

	With LBRM
	18494.44
	520.00


Table 2 – Throughput with and without LBRM
(Case1, 10MHz BW, 10UEs/cell)
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Figure 1 – User throughput CDF with an without LBRM
(Case1, 10MHz BW, 10UEs/cell)

Figure 1 shows the corresponding user throughput distribution. For this simulation, each cell is populated with 10 UE’s. The available 10MHz bandwidth (50 RBs) is shared between different UEs using a proportional fair scheduler.
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Figure 2 – TBS sum distribution.
All simulations for this instance assume that UE’s belong to category class 2 (CC2). Total soft storage when using LBRM is then proposed to be 600,000 soft locations [5]. Figure 2 shows typical distributions of TBS sum values allocated by the scheduler.  As resources are shared in the multi-user system, a single UE in any given subframe is typically allocated a relatively small TB size (<10kbits). Note that according to the values of Table 1, LBRM will only have an impact if the TBS sum is greater than 25kbits for UE category CC2. Therefore, system and cell edge throughput values for the normal multi-user small cell deployment scenario are virtually unaffected by LBRM.
	Scenario
	Average tput (kbps)
	Cell Edge tput (kbps)

	Without LBRM
	9095.80
	3788.08

	With LBRM
	9091.07
	3795.16


Table 3 – Throughput with and without LBRM
(Case1, 1UE/cell)

	Scenario
	Average tput (kbps)
	Cell Edge tput (kbps)

	Without LBRM
	43507.05
	36782.60

	With LBRM
	43506.99
	36782.56


Table 4 – Throughput with and without LBRM
(Case1, 1UE/cell, no other cell interference)
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Figure 3 – User throughput CDF with an without LBRM
(Case1, 1UE/cell)

Table 3 shows performance for a system with only 1 UE per cell. In this case, since all the resources are available for 1 UE, TBS sum values allocated are much larger. Values will depend on UE location in the cell which determines the UE’s path loss, other cell interference and the ability to support more than one MIMO stream. Even for this single user scenario, TBS sum values that can be supported for this small cell deployment are only in the 5 to 25 kbit range. Therefore, the impact of LBRM for this scenario also, is minimal.

In order to further expose any potential limitations of LBRM, Table 4 shows performance for a single user, isolated cell scenario – i.e. 1UE in the cell – with no interference from other cells. UE throughput for this scenario only depends on path loss. Due to the higher operating SNR, the single simulated UE in the system can support a TBS sum value that is close to maximum allowed for its capability class in many situations. However, even for this scenario, the impact of LBRM is only marginal. This can be attributed to the fact that LBRM only substantially impacts the 2nd or 3rd re-transmission, as described in detail in [6]. 
Figure 3 shows user throughput CDF plots for the above two scenarios. Again, LBRM has negligibly small impact for the assessed scenarios.
3. Conclusions
In this document, we present system simulation results studying the impact of limited buffer rate matching on LTE. Results indicate that under the Case 1 deployment scenario, where the effect of LBRM might be expected to be largest, the impact on LTE system performance is negligibly small. Even when the impact of other cell interference was removed, and the number of users reduced to 1, LBRM had negligible impact. Finally, it should be noted that we further assumed here that the total HARQ soft memory resource was not flexibly allocable between HARQ processes, which would have avoided any limitations at all due to LBRM, provided a smaller number of H-ARQ processes were in use.
Since LBRM allows UE implementations with smaller soft buffer requirements while allowing the category class definitions to have the same peak data rate performance as without LBRM, and since the results in this document illustrate that impact of LBRM under the most unfavourable operating scenarios is minimal, we conclude that the proposal of [4] and [5] should be adopted for LTE.
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Annex A – System Simulation Assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 35 degrees,  Am = 20 dB for a 70 degree horizontal beam width antenna

	Channel model
	Spatial Channel Model (Urban Macro, high spread 

Other cell interference was frequency selective from six strongest neighbor cells.

	Total BS TX power (Ptotal)
	46dBm (10MHz)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	CQI Feedback
	Modeled with 2 subframe CQI delay. 0.5dB per RB CQI error at high SNR. 1dB at low SNR

	AM
	ON  (2/3<MCS<4.8) , 16 Levels ,maximum encoding rate =8/9

	HARQ
	IR with N=8 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total), 11 used for data (n=2)

(downlink control channels not explicitly modeled)

	Scheduler
	PF (both in time and frequency domain)

	LBRM Modeling
	All UEs assumed to belong to UE Category class in 2 in Table 1. Equal soft memory partitioning between N=8 HARQ processes. Equal soft memory partitioning between m=1,2 MIMO code words.


Table A1 - Macro-cell system simulation baseline parameters
� TBS sum is the cumulative transport block size from different MIMO streams.
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