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1 Overview

Downlink UE capability requirements can be derived from the reference configurations given in [1] which cover peak rate, highest modulation order, number of MIMO streams, UE receive diversity and other features. There is also a requirement to reduce number of testing scenarios and UE complexity by having a minimum number of features and options.  Based on these recommendations, a preliminary list of downlink UE capability parameters has been drafted. 

2 Downlink UE capability parameters
Note the following:

· UE RX diversity with two antennas is not being proposed as a UE capability parameter.  The parameter “Number of RX antennas” is whether to have 2 or more antennas.  For example, for a UE supporting MIMO with 4 antennas then number of RX antennas is 4 and MIMO parameter is YES.
· UE reception of broadcast and control channel transmissions using TX diversity is assumed to be a baseline requirement to be covered in the physical layer specification.  For example, cyclic shift transmit diversity (CSD) is one possibility especially since to the UE it looks like a single antenna transmission.
· A UE with maximum RX carrier bandwidth of 10 MHz also supports 1.25, 2.5, 5 and 10 MHz.
A recommended list of downlink UE capability parameters is proposed in Table 1.
Table 1: DL UE capability parameters
	Maximum RX carrier bandwidth
	10
 and 20 MHz

	Number of simultaneous non contiguous RX carriers
	1, >1

	Number of RX antennas
	2, >2 

	MIMO


	YES/NO

	Coding
	Turbo, LDPC, …

	Peak rate 
	See tables 2 and 3

	Soft Buffer size(possibly conditioned on Nmin)
	See tables 2 and 3


Note that:

· Nmin is the minimum number of stop-and-wait H-ARQ channels supported while still meeting timing constraints (Node B & UE processing times). 

· Peak rate and soft buffer size are derived parameters
3 Downlink Hybrid ARQ timing 
UL H-ARQ timing analysis is presented in [3].  The conclusion about the number of processes is also valid for the downlink. In the next section, we show the relationship between the number of processes and soft buffer size in the UE. 
4 Downlink UE peak rate and buffer size

Downlink peak rates and soft buffer sizes are calculated for different bandwidth modes (5 to 20 MHz) for 2 different TTI lengths (see Tables 2 and 3).   Consistent with the minimum bandwidth recommended in Table 1, RX diversity is always on and MIMO 2x2 is a (ON/OFF) parameter.  Nmax represents the maximum number of H-ARQ processes to be considered when determining the soft buffer size (Nmax ≥ Nmin ). A modulation of 64QAM with maximum coding rate of 5/6 is assumed in determining the maximum transport block size (TBS) for each carrier bandwidth mode.  The soft buffer size was chosen so that for each Nmax a minimum coding rate of ½ can be supported for the given maximum TBS. 
Table 2: Peak downlink rate and soft buffer size with TTI = 0.5 ms
	BW Mode (MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	0.5 ms TTI                                   Soft Buffer size (bits)                      (TTI x Peak_rate x Nmax / EncRate)
	MIMO    (2x2)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	
	

	5
	7500
	15.0
	90000
	60000
	n
	48

	10
	15000
	30.0
	180000
	120000
	n
	60

	15
	22500
	45.0
	270000
	180000
	n
	84

	20
	30000
	60.0
	360000
	240000
	n
	96

	5
	15000
	30.0
	180000
	120000
	y
	48

	10
	30000
	60.0
	360000
	240000
	y
	60

	15
	45000
	90.0
	540000
	360000
	y
	84

	20
	60000
	120.0
	720000
	480000
	y
	96


Table 3: Peak downlink rate and soft buffer size with TTI = 2ms
	BW

Mode

(MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	2.0 ms TTI                                       Soft Buffer size (bits)                   (TTI x Peak_rate x Nmax / EncRate)
	MIMO    (2x2)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	
	

	5
	30000
	15.0
	360000
	240000
	n
	96

	10
	60000
	30.0
	720000
	480000
	n
	168

	15
	90000
	45.0
	1080000
	720000
	n
	240

	20
	120000
	60.0
	1440000
	960000
	n
	312

	5
	60000
	30.0
	720000
	480000
	y
	96

	10
	120000
	60.0
	1440000
	960000
	y
	168

	15
	180000
	90.0
	2160000
	1440000
	y
	240

	20
	240000
	120.0
	2880000
	1920000
	y
	312


Note that number of tail bits and maximum code word size are used as example.

One can observe that soft buffer size is quite large especially for higher bandwidth modes (10 to 20 MHz) at peak rate (64QAM).  At these high rates and depending on number of bits per soft bits, there is an incentive to investigate a scheme for reducing memory size while implementing H-ARQ combining.  One example of such technique is recursive EESM [3], [4]. Recursive EESM is a Link Error Prediction (LEP) technique for Multi-carrier systems that reduces memory requirements by up to an order of magnitude including decoding packet transmissions using H-ARQ. Memory reduction would typically be receiver implementation detail, however, one reason for standardization is if receiver performance is effected by using such techniques. 
5 Conclusion
In this contribution, we presented a draft list of downlink UE capability parameters for discussion. Estimation of downlink peak rates and soft buffer sizes are also presented for different bandwidth modes, TTI sizes, and MIMO usage.  Since for high BW modes (10 and 20 MHz), soft buffer sizes are quite high, it is recommended that methods of reducing memory size with minimum performance impact such as recursive EESM be investigated.  A text proposal is in appendix A.   
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Appendix A:
8.2
Analysis of UE complexity
8.2.1
WCDMA based evolved UTRA downlink

8.2.1.1
Baseband

The baseband complexity can be divided in terms of memory and processing. The processing is dominated by the decoder and the receiver front end (user separation, demodulation and channel equalization). The complexity of the decoder is related to the peak data rate. For CDMA based signal the complexity of the receiver front end is essentially linked to the channel equalization.

Receiver front end complexity evaluation for receiver based on frequency domain equalizer shows that the UE has to perform two FFT operations; furthermore a decision feedback can be added to further enhance the equalization performance; a first order measure of the decision feedback block complexity indicates that the complexity is about the same as the complexity of an FFT operation.

One should note that the performance enhancements associated with advance equalizer receivers will also benefit systems which operate Release 5 UTRA-FDD (HS-PDSCH).
----------------------------------------------Start of Text Proposal -----------------------------------------------
8.2.1.2 Downlink UE peak rate and buffer size

Downlink peak rates and soft buffer sizes are calculated for different bandwidth modes (5 to 20 MHz) for 2 different TTI lengths (see Tables 8.4.1.1-1 and 8.4.1.1-2).   Consistent with the minimum bandwidth recommended in Table 8.4.1.1-1, RX diversity in always on and MIMO 2x2 is a (ON/OFF) parameter.  Nmax represents the maximum number of H-ARQ processes to be considered when determining the soft buffer size ( Nmax ≥ Nmin). A modulation of 64QAM with maximum coding rate of 5/6 was assumed in determining the maximum transport block size (TBS) for each carrier bandwidth mode (i.e. each row in Tables 2 and 3). The soft buffer size was chosen so that for Nmax a minimum coding rate of ½ can be supported for the given maximum TBS.  

Table 8.2.1.2-1: Peak downlink rate and soft buffer size with TTI = 0.5 ms

	BW Mode (MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	0.5 ms TTI                                   Soft Buffer size (bits)                      (TTI x Peak_rate x Nmax / EncRate)
	MIMO    (2x2)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	
	

	5
	7500
	15.0
	90000
	60000
	N
	48

	10
	15000
	30.0
	180000
	120000
	N
	60

	15
	22500
	45.0
	270000
	180000
	N
	84

	20
	30000
	60.0
	360000
	240000
	N
	96

	5
	15000
	30.0
	180000
	120000
	Y
	48

	10
	30000
	60.0
	360000
	240000
	Y
	60

	15
	45000
	90.0
	540000
	360000
	Y
	84

	20
	60000
	120.0
	720000
	480000
	Y
	96


Table 8.2.1.2-2: Peak downlink rate and soft buffer size with TTI = 2ms
	BW

Mode

(MHz)
	Max TBS  (bits)
	Peak Rate (Mbps)
	2.0 ms TTI                                       Soft Buffer size (bits)                   (TTI x Peak_rate x Nmax / EncRate)
	MIMO    (2x2)
	CRC + Tail bits based on 5114 bit maximum Code Word size

	
	
	
	Nmax=6
	Nmax=4
	
	

	5
	30000
	15.0
	360000
	240000
	N
	96

	10
	60000
	30.0
	720000
	480000
	N
	168

	15
	90000
	45.0
	1080000
	720000
	N
	240

	20
	120000
	60.0
	1440000
	960000
	N
	312

	5
	60000
	30.0
	720000
	480000
	Y
	96

	10
	120000
	60.0
	1440000
	960000
	Y
	168

	15
	180000
	90.0
	2160000
	1440000
	Y
	240

	20
	240000
	120.0
	2880000
	1920000
	Y
	312


Note that number of tail bits and maximum code word size are used as example.

Given the soft buffer size can be quite large especially for higher bandwidth modes (10 and 20 MHz) and high peak rates (based on 64QAM) then memory reduction techniques should be considered. Although soft buffer memory size might typically be a receiver implementation detail, a reason for standardization is the possible impact such techniques have on receiver performance. Recursive EESM [3], [4] is one example of a soft buffer memory reduction technique. Recursive EESM is a Link Error Prediction (LEP) technique for Multi-carrier systems that can also be used to reduce soft buffer memory requirements by up to an order of magnitude but with some loss of decoder performance.

----------------------------------------------End of Text Proposal -----------------------------------------------
8.3
Analysis of Node B impacts
8.3.1
WCDMA based evolved UTRA downlink

8.3.1.1
Baseband

The WCDMA based E-UTRA downlink relies on the existing WCDMA channel structure and procedures and therefore Release 6 Node B should be compatible with the E-UTRA channels structure. The multi-carrier component affects mostly the scheduler and interfaces between the channel elements and the scheduler. The scheduler has to simultaneously control resource allocation across multiple carriers for a UE instead of one per UE in Release 6. The interface from and to each channel element with the scheduler may or may not have to be modified depending on the existing implementation and whether joint scheduling across carriers is supported. No fundamental Node-B complexity issue has been identified for the WCDMA based E‑UTRA downlink.

----------------------------------------------Start of Text Proposal -----------------------------------------------
8.4 DL UE capability

8.4.1 DL UE capability parameters

Note the following:

· UE RX diversity with two antennas is not being proposed as a UE capability parameter.  The parameter “Number of RX antennas” is whether to have 2 or more antennas.

· UE reception of broadcast and control channel transmissions using TX diversity is assumed to be a baseline requirement to be covered in the physical layer specification.  For example, cyclic shift transmit diversity (CSD) is one possibility especially since to the UE it looks like a single antenna transmission.

· A UE with maximum RX carrier bandwidth of 10 MHz also supports 1.25, 2.5, 5 and 10 MHz.
A recommended list of downlink UE capability parameters is proposed in Table 8.4.1-1.

Table 8.4.1-1: DL UE capability parameters
	Maximum RX carrier bandwidth
	10 and 20 MHz

	Number of simultaneous non contiguous RX carriers
	1, >1

	Number of RX antennas
	2, >2 

	MIMO


	YES/NO

	Coding
	Turbo, LDPC, …

	Peak rate 
	See tables 8.2.1.2-1 and 8.4.1.2-2

	Soft Buffer size (possibly conditioned on Nmin)
	See tables 8.2.1.2-1 and 8.4.1.2-2


Note that:

· Nmin is the minimum number of stop-and-wait H-ARQ channels supported while still meeting timing constraints (Node B & UE processing times). 

· Peak rate and soft buffer size are derived parameters.
----------------------------------------------End of Text Proposal -----------------------------------------------




























































































































































































































































� Final decision on min. bandwidth mode for UE category should be based on adjacent channel interference limit  set after RAN WG4 LTE study





