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1 Introduction

The UE category defines the total number of soft channel bits [1]. This quantity affects the DL-SCH channel coding as it is used to determine the limit applied for Limited Buffer Rate Matching (LBRM) as well as the amount of HARQ memory in the UE receiver. 

The parameter KMIMO is used to adapt the LBRM limit and UE HARQ memory partitioning. For single-codeword transmission modes (TM1, 2, 5, 6, 7) KMIMO equals 1 but for transmission modes supporting also dual-codeword transmissions (TM3, 4, 8, 9, 10) KMIMO equals 2, in order to take into account that the number of HARQ processes doubles [2].

2 Performance issue for a category 0 UE

A category 0 UE does not support spatial multiplexing. However, if the network configures the UE to TM3, 4, 8, 9 or 10 then KMIMO equals 2 even though the rank of a DL transmission to a category 0 UE will never exceed 1.

If KMIMO equals 1, then it corresponds to Full Buffer Rate Matching (FBRM). However, if KMIMO equals 2, an aggressive limit to LBRM will be applied (50% of the full buffer for the largest allowed Transport Block Size (TBS) = 1000 bits). This leads to deteriorated decoding performance as well as only 50% utilization of the available UE HARQ memory.

The network can configure a category 0 UE to TM2 and 6 instead of TM3 and 4 and circumvent the issue. However, this is not the case for TM8, 9 and 10 which do not have rank-1 equivalent transmission modes.

In the following Section, the impact on FBRM (KMIMO=1) vs. LBRM (KMIMO=2) is presented. 
3 Simulation results
Table 1 summarizes the simulation setup. 
Table 1. Simulation parameters.
	Parameter
	Value

	UE category
	0

	No. Rx ports
	1

	BW
	10MHz

	Duplex method
	FD-FDD

	TM
	8

	No. of CRS ports
	2 (ports 0 and 1)

	No. TM8 ports
	1 (port 7)

	CFI
	2

	N_PRB
	11

	I_TBS
	5

	TBS
	968

	Modulation
	QPSK

	RV sequence
	0,1,2,3

	No. PDSCH RE per RB
	120

	Channel Bits
	2640

	SF utilization
	Exclude SF #0, #5

	Max. Data Rate
	774.4 kbps

	Coding Rate
	0.3667 (968/2640)


In Figure 1, the relative throughput vs. Geometry factor is shown for TM8 rank 1 for EPA5 and EVA5 channel conditions with KMIMO equal to 1 and 2. As explained earlier, these configurations correspond to FBRM and LBRM, respectively. 

At 70% throughput level, the loss of applying LBRM (KMIMO=2) is 2-3dB compared to FBRM (KMIMO=1). 
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Figure 1. FDD TM8 (1x1) relative throughput vs. Geometry factor for KMIMO equal to 1 (FBRM) and 2 (LBRM) for TBS = 968 bits. Left panel shows EPA5 and right panel is EVA5 channel conditions.
4 Discussion
The performance loss of LBRM is most severe for the largest TBS (1000 bits), while it decreases as the TBS gets closer to 500 bits. For TBSs lower than 500 bits, there is no loss even if KMIMO=2, since  FBRM is applied. 
For TDD, the maximum number of DL HARQ processes depends on the UL/DL configuration as listed in Table 2 [3]. For the UL/DL configurations with a maximum number of processes less than 8 (FDD), there are more soft channel bits per process and hence the loss is smaller than for FDD. For 4 processes (UL/DL conf. 0) there is no loss, since FBRM is applied. For the remaining UL/DL configurations (no. of processes larger than 8) the loss is the same as for FDD, as the maximum number of processes is set to 8 when calculating the LBRM limit.
So there is a performance loss from LBRM (KMIMO=2) for all TDD UL/DL configurations except for UL/DL conf. 0. 

Table 2. Maximum number of DL HARQ processes for TDD [3]. 

	TDD UL/DL configuration
	Maximum number of HARQ processes
	Impact of LBRM
(KMIMO=2)

	0
	4
	No loss

	1
	7
	Slightly lower loss than FDD

	2
	10
	Same as FDD

	3
	9
	Same as FDD

	4
	12
	Same as FDD

	5
	15
	Same as FDD

	6
	6
	Slightly lower loss than FDD


5 Conclusion and recommendations
The parameter KMIMO is set according to the configured transmission mode without taking the UE category into account. When the network applies a transmission mode supporting spatial multiplexing (TM3, 4, 8, 9 or 10), then KMIMO equals 2 which leads to inefficient DL channel coding for a category 0 UE. The observed loss of using KMIMO equal to 2 vs. 1 is up to 2-3dB. 
It is therefore proposed, that KMIMO equals 1 for all transmission modes for UE category 0. 
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