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1. Introduction

In RAN#71, a Work Item [1] on Uplink Capacity Enhancements for LTE was agreed, and objectives of the WI include support UL PUSCH in special subframe. RAN1 related content including,
· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols

· Backward compatibility with legacy UEs is maintained
Considering that at most 6 SC-FDMA symbols for PUSCH transmission in UpPTS, TBS determination for the PUSCH in UpPTS needs to be modified. In this contribution, TBS scaling design for PUSCH in UpPTS is discussed.
2. Discussion on the TBS scaling design for PUSCH in UpPTS
2.1 Review of TBS selection for PDSCH in DwPTS

Considering the similarity between PUSCH transmission in UpPTS and PDSCH transmission in PDSCH, hereby we first briefly review the TBS selection for PDSCH in DwPTS. For PDSCH transmission in DwPTS, there are smaller OFDM symbols in DwPTS than in normal downlink subframes. In order to decide the proper TBS, a scaling factor was introduced to determine 
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based on allocated PRB numbers. Set 
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 to the total number of allocated PRBs based on the resource allocation procedure. For transport blocks transmitted in DwPTS of the TDD special subframe, there are two scaling factors for different special subframe configurations,
-
for special subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with extended cyclic prefix:
-
set transport block table column indicator 
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-
for other special subframe configurations:
-
set transport block table column indicator 
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For scaling factor of 0.75, PDSCH transmit symbols varies between 7~11. And for 0.375, the PDSCH transmit symbols varies between 3~5.
2.2 Discussion of TBS selection for PDSCH in DwPTS
For TBS selection of PUSCH in UpPTS, similar TBS selection method as that of PDSCH in DwPTS can be used. What needs to be determined is the scaling factor for PRB scaling. To design the scaling factor, the following two aspects needs to be considered:

(1) The number of available REs for PUSCH in UpPTS

(2) Minimize the impact of rounding function of different number of allocated PRBs.
Proposal 1: For TBS selection of PUSCH in UpPTS, similar TBS selection method as that of PDSCH in DwPTS is recommended. The scaling factor design needs to consider: (1) The number of available REs for PUSCH in UpPTS, and (2) Minimize the impact of rounding function of different number of allocated PRBs.
In the following, the impact of the above two aspects on the scaling factor design are analyzed in detail.
From the perspective of the eNB, Rel-8 to Rel-14 UEs are possible to coexist. Rel-13 UEs support additional 2 or 4 symbols for SRS transmission except for the legacy UpPTS symbol with number 1 or 2, which means 1~6 symbols SRS configurations are possible for different legacy TDD special subframe configurations and additional SRS symbol numbers. In addition, DMRS may also exist in UpPTS, thus the available resource calculation for PUSCH in UpPTS should consider the overhead of both SRS and DMRS, if exist. Considering the possibility that there is no SRS in some instant and no need of DMRS transmission for some slow time vary cases, the scaling factor design of PUSCH in UpPTS should consider available number of SC-FDMA symbols for PUSCH ranging from 1 to 6.
The number of available REs in each PRB pair for normal uplink subframes is 144. Ratio of available REs in UpPTS to normal subframe for PUSCH is shown in table 1.
Table 1. Ratio of available REs in UpPTS to normal subframe for PUSCH

	Available SC-FDMA symbols for PUSCH
	1
	2
	3
	4
	5
	6

	RE ratio
	1/12
	1/6
	1/4
	1/3
	5/12
	1/2


Except for ratio of available REs, the scaling factor should minimize the impact of rounding function of different number of allocated PRBs [2].
One factor related to the number of allocated PRBs is the used resource allocation type. For uplink resource allocation type 0, the only request is that the number of allocated RBs should satisfy a multiple of 2,3 and 5. While for resource allocations of type 1, the RB allocation defines 2 sets of RBs, where each set of RBs includes 1 or more consecutive resource block groups (RBG). RBG size (P) is a function of the system bandwidth as shown in Table 2 [1]. Considering the prevalent system bandwidth that deployed is 20MHz, which corresponds to RBG Size of 4, the impact of resource allocation on scaling factor design is recommended to assume that the number of allocated PRBs is a multiple of 4.

Table 2: Type 1 resource allocation RBG Size vs. uplink system bandwidth
	System Bandwidth
	RBG Size
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	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


To minimize the impact of rounding function of different number of allocated PRBs, it is better to make the scaled number of PRB (number of allocated PRBs X scaling factor) be an integer. This also means it is better to make (multiple of 4 X scaling factor) be integers. 
While setting a scaling factor for each number of available SC-FDMA symbols seems complicate for both transmitter and receiver side, and setting only one factor is too coarse for performance, it is possible for 2 or 3 available symbols sharing the same factor, so as to tradeoff between the complexity and the performance degradation. Based the above analysis, three or two scaling factors design are given in Table 3.
Table 3. Examples of scaling factors of different number of available PUSCH symbols
	Available SC-FDMA symbosls for PUSCH
	1
	2
	3
	4
	5
	6

	RE ratio
	1/12
	1/6
	1/4
	1/3
	5/12
	1/2

	Scaling factor example 1
	1/8
	2/8
	4/8

	Scaling factor example 2
	1/8
	3/8


 Proposal 2: It is recommended to set the scaling factor according to available number of symbols for PUSCH in UpPTS. The scaling factor can be down selected in between example 1 or 2 in Table3.
3. Conclusions
In this contribution, TBS scaling design for PUSCH in UpPTS is discussed, and the following proposals are made:
Proposal 1: For TBS selection of PUSCH in UpPTS, similar TBS selection method as that of PDSCH in DwPTS is recommended. The scaling factor design needs to consider: (1) The number of available REs for PUSCH in UpPTS, and (2) Minimize the impact of rounding function of different number of allocated PRBs.
Proposal 2: It is recommended to set the scaling factor according to available number of symbols for PUSCH in UpPTS. The scaling factor can be down selected in between example 1 or 2 in the following table.
	Available SC-FDMA symbosls for PUSCH
	1
	2
	3
	4
	5
	6

	RE ratio
	1/12
	1/6
	1/4
	1/3
	5/12
	1/2

	Scaling factor example 1
	1/8
	2/8
	4/8

	Scaling factor example 2
	1/8
	3/8
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