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1 Introduction

This contribution provides a text proposal for Section 9.5.7 of TR 36.888, the analysis of PUSCH coverage improvement based on the agreements in RAN1#72bis.

Agreements:
· PUSCH coverage enhancement requirement for MTC UE can be achieved by repetition
· Channel estimation over multiple subframes could be helpful to reduce the number of repetitions
· Nevertheless, compared to PDSCH case, relatively larger number of repetitions would be required for the PUSCH coverage
· Selection of TBS needs to consider the spectral efficiency and channel coding gain 
· Complementary schemes can be considered to reduce the number of repetitions, for example
· Increased DMRS density
· PSD boosting
· Frequency hopping during repetition

· Shorter length CRC

· Code spreading

· Companies may bring potential PUSCH performance issues at the next meeting

-----------------------------------------------Start text proposal------------------------------------------------------

9.5.7
PUSCH
9.5.7.1 
Coverage improvement 
Repetition, increased DMRS density, PSD boosting, frequency hopping (during repetition), shorter length CRC and code spreading are identified as techniques to enhance PUSCH for coverage. One or more solutions among those identified techniques can be used for enhanced PUSCH coverage. It is expected however that repetition technique may be needed regardless of other techniques applied or not to achieve coverage enhancement. 
The estimated repetition times to achieve PUSCH coverage improvement target are analyzed and summarized in Table 9.5.7.1-1 for FDD and Table 9.5.7.1-2 for TDD. The evaluation assumptions are listed in Table 9.5.7.1-3.
Table 9.5.7.1-1 Repetition times to achieve PUSCH coverage improvement target for FDD 
	Source
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9

	Repetitions/TBS/ achieved SINR
	219/20/
-21.3dB

559/104/
-21.2dB
	300/16/
-20.7dB
	620/32/
-21.3dB

730/56/
-21.3dB

1160/104/
-21.3dB
	300/16/
-22dB
	1050/16/
-19.3dB
	250/16/
-21.3dB
	1000/160/-19dB
	93/42/
-19.3dB
	100/16/
-19.5dB

150/32/
-20.5dB

150/32/
-20dB

150/40/
-19.8dB


Note 1: Source 2 and Source 8 use single subframe channel estimation, other sources use realistic cross-subframes channel estimation.

Table 9.5.7.1-2 Repetition times to achieve PUSCH coverage improvement target for TDD

	Source
	Source 1

	Repetitions/TBS/achieved SINR
	210/56/-27dB

90/24/-25dB


Note 1: Source 1 uses realistic cross-subframes channel estimation.

Table 9.5.7.1-3 Simulation assumptions of PUSCH

	Parameter
	Value

	System bandwidth
	10MHz

	UL-DL configuration (For TDD)
	0

	Carrier frequency
	2GHz for FDD/2.6GHz for TDD

	Antenna configuration
	1x2, low correlation for FDD; 1x8, low correlation for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic cross-subframe channel estimation or single-subframe channel estimation

	The minimum required SINR
	-24.3 dB for FDD; -30.3 dB for TDD; note that this minimum required SINR is achieved by 2 PRBs transmission


Evaluation results vary among sourcing companies due to difference on achieved SINR, selection of TBS and different receiver processing/algorithm in terms of cross-subframe channel estimation.

The observations from these evaluation results provided in Table 9.5.7.1-1 and Table 9.5.7.1-2 are summarized as follows:

· The coverage requirments for PUSCH can be met by repetition

· For 1 PRB carrying 16-104 bits (i.e., required SINR = -21.3dB for FDD and -27.3dB for TDD), repetition time to achieve the coverage improvement target is within a range of around 200~1200 (relatively larger amount of repetition is required compared to PDSCH)..

· The required number of repetiton also depends on the selected TBS and the number of transmission PRBs.

· Cross-subframe channel estimation requires less number of repetition times than single-subframe channel estimation. 
· Selection of TBS needs to consider the spectral efficiency and channel coding gain.
In addition, PSD boosting (e.g., by allocating 1 PRB instead of 2 PRBs or by using fewer than 12 subcarriers in each PRB) may further reduce the number of repetitions (initial evaluation results show about 20% ~ 30% repetition can be saved by using 1 PRB than 2 PRBs). Increased DMRS density (e.g., doubled DMRS symbols) can also reduce the number of repetitions to achieve coverage gain.
In addition, frequency hopping (during repetition) and shorter length CRC can bring additional coverage gain. Code spreading can also be considered to improve the coverage. 
9.5.7.2 
Impact on specification

For the support of repetition, PSD boosting, and frequency hopping, some specification impact is expected while some corresponding fundamental operation such as TTI bundling, PSD boosting, frequency hopping are already being supported in current specification. Introduction of extended PUSCH bundling window and corresponding UL HARQ timeline and/or design of frequency hopping pattern combined with repetition will impact RAN1, RAN2 and/or RAN4.
For the support of increased DMRS density, code spreading, and shorter length CRC, relatively larger specification impact is expected since those solutions may have to go with new design, further evaluations and/or estimation on potential impacts. Those solutions are expected to cause some impacts on RAN1, RAN2 and RAN4 while design of increased DMRS density or code spreading will mainly impact RAN1 and introduction of shorter length CRC will mainly impact RAN2. 
9.5.7.3 
Other impacts

Repetition and code spreading prolongs UE transmission time which will cause more UE power consumption. Increased DMRS density, PSD boosting, frequency hopping, and shorter length CRC is not expected to cause more UE power consumption.

Repetition will cause significant cell spectral efficiency degradation since more physical resources will be occupied for a single packet transmission to accumulate more energy or obtain more coding gain. Increased DMRS density, PSD boosting, frequency hopping, and shorter length CRC are not expected to cause significant cell spectral efficiency degradation. Code spreading may cause spectral efficiency degradation depending on scheduling in eNB (i.e. whether multiple UEs with different code are to be multiplexed within a same PRB) or limited supportable packet size (e.g. up to 20 bits if existing PUCCH format 3 design is reused). 

The UE cost/complexity is not expected to significantly increase by adopting repetition, increased DMRS density, PSD boosting, frequency hopping, shorter length CRC and code spreading. 

Besides, impact to the eNB receiver is expected, for example, for schemes like long code spreading and changes to DMRS density.
-----------------------------------------------End text proposal-------------------------------------------------------
