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1 Introduction
In RAN67 meeting a revisited study item on Downlink Multiuser Superposition Transmission for LTE has been approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes within one cell. More specifically, the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE using the same spatial precoding vector or transmit diversity scheme over the same REs should be investigated. Considering that the transmission in such case is performed without time, frequency and spatial layer separation, the intra-cell interference would be a limiting factor in achieving higher throughout performance. Therefore, intra-cell interference cancellation (IC) or suppression (IS) receivers are typically considered in conjunction with such transmission techniques. 
One candidate receiver structure that is often considered for the intra-cell interference suppression is codeword-level interference cancellation receiver (CWIC) [2]. Comparing to conventional symbol-level IC receivers, specified in Release-12 for NAICS, the CWIC relies on the demodulation and decoding of the interfering signal(s) and, therefore, requires assistance information associated with interfering PDSCH. The signalling assistance for intra-cell interference PDSCH might be feasible, thanks to transmission from the same eNB and include the following parameters identified during Rel-12 NAICS study item [3]:
Possible signalling assistance for CWIC receivers identified in Rel-12

	…

MCS and RNTI information is required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible without decoding the interference PDCCH, and signaling of RNTI and MCS may require additional overhead
…


Among the PDSCH parameters described above, the feasibility of the decoding of the interfering PDSCH also depends on the rate matching of the coded bits. More specifically, the existing UE categories may use different buffer size to derive the rate matched coded bits. Therefore, handling of the rate matching for both serving and interfering PDSCH is essential to facilitate downlink multiuser superposition transmission for LTE-A with CWIC receiver. 
2 Rate matching for PDSCH
In Rel-8 limited and full buffer rate matching (LBRM, FBRM) has been introduced. For both methods the wrap around point (or rate matching) is calculated based on the soft buffer size Nsoft provided by the using ue-Category signalling and coded block size. For FBRM the size of the buffer for the rate matching is determined as three times of the code block size resulting in coding rate of mother code (i.e. the code rate before wrap around point) of 1/3 for all transport block sizes. In LBRM the storage requirements for generating coded bits are reduced comparing to FBRM by forcing an earlier wrap around in the circular buffer for the large transport block sizes (see illustration in Figure 1). To control the wrapping point in LBRM the parameter Nsoft is used, which is selected to guarantee the coding rate of the mother code ~0.6 and in some cases ~0.8. It should be noted that the spacing between starting positions for generating coded bits for different redundancy versions are also scaled in accordance to the buffer size and, therefore, depends whether LBRM or FBRM is assumed.

[image: image1.emf]Systematic bits

Parity bits

Circular buffer wrap around

rv0

rv1 rv2

rv3


Figure 1. Illustration of limited buffer rate matching
TS 36.212 specifies the determination of rate matching pattern (circular buffer size) as follows. 

Determination of the buffer size for the rate matching 
	Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:
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For UE category 0, for DL-SCH associated with SI-RNTI and RA-RNTI and PCH transport channel, Ncb is always equal to Kw.

where NIR is equal to:
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where:

If the UE signals ue-Category-v12xx indicating UE category 0, or if the UE signals ue-Category-v12xx not indicating UE category 0 and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v12xx. Otherwise, if the UE signals ue-Category-v11xx, and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v11xx. Otherwise, if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].

If Nsoft = 35982720 or 47431680, 
KC= 5, 

elseif Nsoft = 7308288 and the UE is configured by higher layers with altCQI-Table-r12,

if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission mode configured for the UE,
KC  = 3

else

KC  = 3/2

end if.

elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, 
KC  = 2

else 

KC  = 1

End if.

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3, 4, 8, 9 or 10 as defined in section 7.1 of [3], and is equal to 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 of [3].

Mlimit ​is a constant equal to 8.


3 Ambiguity in the rate matching buffer size
The maximum buffer size for transport block for different UE categories is presented in Table 1. It can be seen that the buffer size to derive the rate matched bits depends on UE category and configuration of 256QAM MCS/TBS at the UE. For example, two UEs of the same UE category of 11 or 12 may have different maximum buffer size for transport block depending whether 256QAM is configured or not. Similarly UE of different categories 9 and 13 but configured with 256QAM may also have different buffer size.  As the result the rate matched bits derived from the buffer may be different depending on the buffer size assumption. It should be noted that the rate matching issue occurs not only due to different wrap around points in the rate matching buffer, but also due to ambiguity in the starting position of different redundancy versions that, as explained before, depends on the buffer size. It should be also noted that for TMs 1, 2, 5 or 6 instead of LBRM are FBRM is used, that could be another source of the possible rate matching ambiguity between co-paired UEs configured with different TMs. 

Table 1: The value of NIR parameter used to derive rate matching for different UE categories
	UE Category
	maximum buffer size NIR for transport block 

	
	TMs 3,4,8,9,10; 64QAM
	TMs 3,4,8,9,10; 256QAM

	6, 7
	114192
	N/A

	9, 10
	114192
	114192

	11, 12
	114192
	152256

	13,14
	N/A
	114192


Summarizing the discussion above it deems necessary to consider approaches to resolve the rate matching ambiguity issue that may occur at the CWIC receiver for interfering PDSCH. Depending on the considered approach some performance degradation, signalling overhead or scheduling restriction may be expected. Therefore, evaluation of downlink multiuser superposition transmission for LTE with CWIC receiver should contain the description of the approach used to resolve this ambiguity. For instance the maximum buffer size for transport block may be always limited to 114192. This approach would allow more flexible pairing of the UE categories 4, 6-7, 9-14 without ambiguity at the cost of some performance degradation for large TBS for UE categories 11 and 12 configured with 256QAM and TMs 1, 2, 5 or 6. 
Proposal:

· In the evaluations of CWIC receivers for intra-cell interference cancellation in downlink multiuser superposition transmission scheme provide description of the mechanism used for resolve the rate matching ambiguity problem in the decoding of interfering PDSCH including the performance impact. 
4 Summary

In this contribution we have discussed the rate matching issue for CWIC receiver that might occur due to different assumptions on the rate matching buffer size for serving and interfering PDSCH. It has been proposed to consider impact of this issue in the evaluation along with possible solutions required to facilitate downlink multiuser superposition transmission for LTE-A with CWIC receiver.
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