
31 Mar – 4 April 2008
Agenda item:     
6.5
Source: 
Motorola
Title:
LBRM for TDD 
Document for: 
Discussion/Decision
1. Introduction

In 3GPP RAN1#52 the following agreements have been made with regards to TDD UE categories [5]. 
TDD capabilities aligned with of FDD

· Maximum number of DL-SCH transport block bits received within a TTI, 

· Maximum number of bits of a DL-SCH transport block received within a TTI

· Maximum number of supported layers for spatial multiplexing in DL

· Maximum number of bits of an UL-SCH transport block received within a TTI

· Support of 64 QAM in UL

Soft buffer size

· Way forward is to keep same Soft buffer size as FDD and confirm after any decisions on HARQ processes (this shall be revisited at next WG meeting).

· Apply LBRM to support different HARQ processes numbers

Table 1. TDD DL:UL configurations

	Configuration
	Allocation subframe 0,…,9
	Max no. of DL HARQ processes
	Average HARQ RTT (ms)
	Fraction of DL subframes in 10ms frame

	C0
	DSUUU DSUUU
	4
	10
	0.4

	C1
	DSUUD DSUUD
	7
	11.67
	0.6

	C2
	DSUDD DSUDD
	10
	12.5
	0.8

	C3
	DSUUU DDDDD
	9
	12.8571
	0.7

	C4
	DSUUD DDDDD
	12
	15
	0.8

	C5
	DSUDD DDDDD
	15
	16.67
	0.9

	C6
	DSUUU DSUUD
	6
	12
	0.5

	FDD
	NA
	8
	8
	1.0


Since the number of HARQ processes for TDD will be different than that for FDD, limited buffer rate matching (LBRM) will have to be applied in more cases for the TDD. This document discusses the details. It should be noted that while the applicability of LBRM may be different for TDD and FDD, the actual LBRM rate matching process will be the same [1].

Maximum number of configurable HARQ processes for TDD depends on DL:UL configuration. These configurations are shown in Table 1 along with average HARQ RTT. For FDD, the number of DL HARQ processes is 8. 
2. Discussion
For FDD, soft buffer sizes for different UE categories classes allow full buffer rate matching (FBRM) for UE Categories 1 and 2, and LBRM for remaining UE categories. Minimum achievable code rate (
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)  for the largest transport block (TB) in each UE category for FDD is shown in Table 2 along with soft buffer sizes and other parameters that have already been specified in TS 36.306 [2].

Table 2 Downlink physical layer parameter values set by UE Category. 
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (max_TBS_sum)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL
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	Category 1
	[10040]
	[10040]
	[242,880]
	1
	0.33

	Category 2
	[50000]
	[50000]
	[1,206,624]
	2
	0.33

	Category 3
	[100000]
	[75056]
	[1,206,624]
	2
	0.66

	Category 4
	[150112]
	[75056]
	[1,811,232]
	2
	0.66

	Category 5
	[300064]
	[150032]
	[3,620,256]
	4
	0.66


For TDD, if
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 is the number of DL HARQ processes, the minimum achievable code rate for the largest TB assuming the available soft buffer resources are equally split between all the HARQ processes  is given by 
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The resulting 
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 values for various TDD configurations are shown in Table 3. In the table, it is assumed that the maximum number of DL-SCH transport block bits received within a TTI is the same as that given in Table 2. 

Table 3. 
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 for largest possible TB size in each UE category
(Assuming equal soft memory partitioning)

	UE Category
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 for each TDD configuration (#HARQ processes)
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	C0(4)
	C1(7)
	C2(10)
	C3(9)
	C4(12)
	C5(15)
	C6(6)
	FDD (8)

	Cat 1
	0.33
	0.33
	0.42
	0.38
	0.5
	0.63
	0.33
	0.33

	Cat 2
	0.33
	0.33
	0.42
	0.38
	0.5
	0.63
	0.33
	0.33

	Cat 3
	0.33
	0.58
	0.83
	0.75
	1.00
	1.25
	0.5
	0.66

	Cat 4
	0.33
	0.58
	0.83
	0.75
	1.00
	1.25
	0.5
	0.66

	Cat 5
	0.33
	0.58
	0.83
	0.75
	1.00
	1.25
	0.5
	0.66


Table 3 shows that LBRM can be applied in a straightforward manner to TDD except for configurations C4 and C5 where if the largest TB size is transmitted in all the HARQ processes and the soft buffer resources are split equally, available soft memory will not be sufficient to buffer even uncoded transport blocks i.e., 
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exceeds 1. This can be addressed using various alternatives shown in the next section. 

3. LBRM for TDD 
3.1.  Option 1

 For TDD configurations C4 and C5 the maximum number of DL-SCH TB bits received within a TTI (max_TBS_sum) can be proportionally reduced. The following table shows the adjustments (selected TBS have zero filler bits). 

Table 4.  Restrictions on max_TBS_sum for TDD configurations C4 and C5
	
	FDD (from 36.306)
	
	TDD

	UE 

Category
	Maximum number of DL-SCH transport block bits received within a TTI (max_TBS_sum)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of DL-SCH transport block bits received within a TTI (max_TBS_sum)
	Maximum number of bits of a DL-SCH transport block received within a TTI

	Cat 1
	[10040]
	[10040]
	[242880]
	[10040]
	[10040]

	Cat 2
	[50000]
	[50000]
	[1,206,624]
	[50000]
	[50000]

	Cat 3
	[100000]
	[75056]
	[1,206,624]
	[72392]
	[54416]

	Cat 4
	[150112]
	[75056]
	[1,811,232]
	[108664]
	[54416]

	Cat 5
	[300064]
	[150032]
	[3,620,256]
	[217160]
	[108580]


Applying Table 4 to configurations C4 and C5 and, Table 2 to all the other configurations removes those cases where 
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> 1. Updated values of  
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 are shown in Table 5. 
Table 5. 
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with max_TBS_sum restrictions for C4 and C5 
(Assuming equal soft memory partitioning)
	 UE Category 
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 for each TDD configuration (#HARQ processes)

	
	C0(4)
	C1(7)
	C2(10)
	C3(9)
	C4(12)
	C5(15)
	C6(6)

	Cat 1
	0.33
	0.33
	0.42
	0.38
	0.5
	0.625
	0.33

	Cat 2
	0.33
	0.33
	0.42
	0.38
	0.5
	0.625
	0.33

	Cat 3
	0.33
	0.58
	0.83
	0.75
	0.72
	0.9
	0.5

	Cat 4
	0.33
	0.58
	0.83
	0.75
	0.72
	0.9
	0.5

	Cat 5
	0.33
	0.58
	0.83
	0.75
	0.72
	0.9
	0.5


Alternately, max_TBS_sum reductions proposed for configurations C4 and C5 in Table 4 can be applied to all TDD configurations. This achieves a more uniform category class definition across all TDD configurations.  

3.2. Option 2

Maximum number of DL-SCH TB bits received within a TTI (max_TBS_sum) for all TDD categories and configurations are left unchanged (i.e., they are kept same as what has been already specified for FDD).  Further, unequal soft memory split between different HARQ processes is allowed [3] and the eNodeB is allowed to explicitly configure UE soft memory via layer 3 (as done in HSDPA [4]).  For the trouble causing TDD configurations (e.g. C4 and C5) the eNodeB will not schedule max_TBS_sum in all HARQ processes since it will have explicit knowledge of UE soft memory.  
Allowing unequal soft memory partitioning between different HARQ processes, in general, allows for more efficient usage of available HARQ soft memory resources. For example, a HARQ process supporting VoIP could require 1/10 (depending on UE category) the memory compared to other traffic types multiplexed in other processes. Unequal soft memory partitioning will enable the UE to reduce the soft memory resources used for HARQ processes supporting a smaller TB size and ‘reuse’ them for HARQ processes supporting larger TB size values.  This gives more opportunities to the eNodeB to schedule retransmissions (or initial transmissions) that can reach a minimum achievable code rate (
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) that is closer to LTE mother code rate (1/3).

With Option 2, if the HARQ channels are in use are less than the maximum number of HARQ channels for some configs (10, 12 or 15) and categories, the UE can achieve a lower mother rate (and hence better performance) for the large transport block sizes compared to Option 1. For example, consider Table 5 with configuration C4, Cat 3, if only 8 HARQ processes are active, while option 1 limits the mother code rate to 0.9, Option 2 allows the mother code rate to go down to 0.66 for the largest TBS. 
4. Conclusions

In order to allow TDD UEs achieve the same instantaneous peak rate as FDD (i.e., same max_TBS_sum) and maintain alignment with FDD UE category classes (which keeps the option of constructing dual mode TDD&FDD capable UEs simple) we propose that TDD UE category classes be defined such that TDD UEs use the same ‘Maximum number of DL-SCH TB bits received within a TTI’ and soft buffer sizes as defined for FDD (Option 2). Note that the TDD/FDD alignment was already agreed in principle in RAN1#52 [5]. Similar to HSDPA, we further propose that layer 3 signaling that enables the eNodeB to explicitly configure UE soft buffer resources per HARQ process is also made available for LTE. 
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