Page 1

3GPP TSG-RAN WG1 #51bis
R1-080488
January 14th -18th, 2008
Sevilla, Spain
Agenda item:
6.2
Source: 
Qualcomm Europe

Title: 
Memory area impact of LBRM
Document for:
Discussion and Decision
1
Analysis
The first stage rate matching or limited buffer rate matching (LBRM) proposal in R1-075106 is simple from a description perspective. However, in reality, it makes the wrap-around point for the circular buffer dependent on the transport block size.  

Note that the wrap-around point of the circular buffer for the currently specified full buffer rate matching proposal is invariant and corresponds to the last coded bit of the TC with mother code rate 1/3. The fact of having different wrap-around points for different transport block sizes has an important impact in the hardware testing and verification. 

The only argument in favour of having a 1st stage rate matching is the savings in soft-buffer memory at the UE. However, the savings in soft-buffer memory at the UE need to be looked at in the context of the entire ASIC. For example, let us take, as an example, the proposed soft buffer sizes at the UE in R1-075098 (copied below for easy reference):

	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 1st Stage RM
	Soft Bits
	120,480
	600,000
	1,200,000
	1,801,344
	3,600,768

	UE Total Soft Storage without 1st Stage RM
	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

	Max. TBS Sum @ Rate 1/3 
	Bits
	5020
	25,000
	50,000
	75,056
	150,032

	Max. Data Rate @ Rate 1/3
	Mbps
	5.0
	25.0
	50.0
	75.1
	150.0


Although the memory savings may look quite dramatic, it is important to realize that *unfortunately* halving the soft-buffer memory requirements at the UE does not imply halving the ASIC area, and therefore the actual savings are far from being 50%. 
Indeed, it was discussed and agreed over the RAN1 email reflector that the actual ASIC area savings are implementation dependent. 

Although, it is true that the actual ASIC area savings from a reduction in the memory size are implementation dependent, let us consider a sample point for illustration. In 65nm technology 1Mbits of memory occupy approximately 1.1mm2 of area. Therefore, using this relationship we can compute the area savings from the table above as follows: 
	Parameter
	Units
	 
	UE Category

	
	
	#bits/LLR
	1
	2
	3
	4
	5

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

	UE Total Soft Storage with 1st Stage RM
	Soft Bits
	-
	120,480
	600,000
	1,200,000
	1,801,344
	3,600,768

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

	Area savings (65nm)
	mm2
	4
	0.5
	2.6
	5.3
	7.9
	15.8

	
	
	5
	0.7
	3.3
	6.6
	9.9
	19.8

	
	
	6
	0.8
	4.0
	7.9
	11.9
	23.8


From the figures in blue in the table above, we can see the savings in area for all the UE categories if we were halving the UE total soft storage for different hypothetical bit-widths of the LLRs. 

It is not necessary to go into the details of what is the total ASIC area to realize that the savings are rather small, specially, for categories 1-3. Note that 6.6mm2 savings corresponds to a square of side 2.6mm.

Further, note that UE categories 4 and 5 correspond to categories with peak data rates of 150Mbps and 300Mbps, respectively. While category 5 will have 4x4 MIMO support, the support of 4x4 MIMO for UE category 4 has not been decided. 

Note that the reference to 4x4 MIMO is made to try to envisage the form factors that UE categories 4 and 5 will use primarily. 

2
Proposal

Based on the analysis of section 1, we propose to either:

· Do not specify a first stage rate matching – keep the specification as is
OR

· Specify the first stage rate matching (LBRM) as proposed in R1-075106 only applying to UE categories 4 and 5, i.e., UE categories 1-3 use FBRM as currently specified in 36.212. 



















































PAGE  
2/2

