3GPP TSG RAN WG1 Meeting #83

R1-157179
Anaheim, USA, 15th - 22th November 2015
Agenda Item:

6.2.1.5 PUSCH
Source:


Sierra Wireless

Title:


PUSCH RV Cycle Performance and Discussion

Document for:

Discussion
1. Introduction
Developing coverage enhancement techniques for MTC devices is one of the main objectives within the Release-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [1].  As indicated by a 3GPP study item [2], in the uplink, the PUSCH requires 18dB coverage enhancement. In RAN1-82bis, it was agreed that in the case of PUSCH transmission from Low Complexity (LC) UEs and UEs operating coverage enhancement, RV cycling will be supported. The following agreement in RAN1-82bis was made:

· The redundancy version (RV) is cycled every Z subframes.
· For no or small repetitions, Z=1
· Otherwise, Z>1
· The scrambling sequences at least for PUSCH data are the same in the same Z subframes
· Z is not explicitly configured
· FFS the value of Z
· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}
In this contribution we discuss the following topics:

· Motivation to use Larger transport block size (TBS) transmission:  

· RV Cycling Performance
· Carrier Frequency Offset Estimation and RV cycling Pattern 
· Options on how to set “Z” 
2. Larger TBS Transmission Discussion
The maximum TBS for MCS 5 and 1 PRB transmission is 72 bits along with a 24-bit CRC (96 bits in total). The transport block also includes an 8-bit MAC header and a 16-bit RLC header.  Therefore, the number of payload bits = 72-8-16= 48 out of 96 bits, which means that half of the bits correspond to overhead information, resulting in poor spectral efficiency. Also, for the MTC coverage enhancement case, the UE would require multiple retransmissions to successfully decode the transport block and a low payload size results in low effective data rate. Moreover, a small TBS consumes an increased amount of resources for control and scheduling, which also require multiple repetitions for successful decoding in the coverage enhancement mode. 
In this contribution, we explore larger (i.e. larger than 72 bits) TBS transmission. Larger TBS decreases the overhead and if the number of repetitions required to decode scales linearly, the effective data rate will increase and the PUSCH resources used will decrease, thereby reducing the UE power consumption.
3. RV Cycling Performance for larger TBS Transmission

Although RV cycling has already been agreed, for completeness, the performance improvement for larger TBS transmission using RV cycling at -15.5 dB SINR (i.e. 18dB coverage improvement) are presented in Table 1. The simulation settings are summarized in the Annex. The raw data rate is calculated as TBS/Trep and the effective user data rate is calculated as (TBS-8-16)/Trep, where Trep is the corresponding number of repetitions required for the decoding of the transport block at 10% BLER for 18dB coverage enhancement. The RV cycling pattern used is same as the legacy pattern of {0, 2, 3, 1}.

Table 1: Effective User Data Rate for Larger TBS Transmission with legacy RV cycling

	TBS
	#Repeats (Transmission time in ms)
	Raw Data Rate (bps)
	Effective User Data Rate (bps)
	Effective User Data Rate Gain in %

	72
	110
	654.6
	436.4
	-

	144
	200
	720
	600
	37.5

	224
	304
	736.8
	657.9
	50.77

	328
	376
	872.3
	808.5
	85.28

	424
	456
	929.8
	877.2
	101

	504
	528
	954.6
	909.1
	108.3


Observation: RV cycling for larger TBS can double the data rate, reduce PUSCH resources by ½ and significantly reduce UE power consumption.

4. Carrier Frequency Offset Estimation and RV cycling Pattern
The residual CFO of the UE is a vital parameter to be estimated by the eNB. A good estimate and compensation for the CFO results in better decoding performance.  A common mechanism for CFO estimation uses the CP correlation method, which is not effective at low SNRs and low bandwidths, since the number of CP samples available for correlation is very small. For example, at 1 PRB (180KHz), we have only 9 CP samples. Therefore, it would be beneficial for the eNB to have known repeated data patterns to correlate against for a better CFO estimation.  For this reason, it was agreed at RAN1#81bis that the RV patterns will be kept the same for “Z” SF when medium to large numbers of repetitions are used. 

The time between these repetitions is crucial because the CFO is estimated using the phase of the differential correlation between the repeated data packets and if the time between the repeated packets is so large that one or more full phase rotations are completed, then the CFO will be estimated incorrectly. For example, if the residual CFO of the UE is 100Hz, a full phase rotation occurs in 1/100 = 10ms. Since the frequency offset can be in either direction, this corresponds to +/- 5ms, i.e. +/- 5 subframes. Therefore, the next repetition should be within 5 subframes of the previous one. As the CFO increases, the maximum allowed time between the repetitions decreases (see table 2 below).  As agreed, the repeated data transmission is created by using the same RV on Z consecutive subframes. For example, if the total number of repetitions required, X = 16, the RV can be cycled every Z = 4 subframes, which corresponds to the RV pattern {00,01,02,03,21,22,23,24,31,32,33,34,11,12,13,14}. With the repetition interval being 1ms, the maximum residual CFO that can be estimated is ± (0.5/1ms) = ±500Hz. 
However, if the eNB knows the UEs residual error is < ±250 Hz, the eNB could then use 2 repeats (00,01)  and correlate with the next 2 repeats (02,03) resulting in a 2 SF timing difference which will provide a more accurate CFO estimate.  The eNB may implement an iterative algorithm by initially using 1 repeat block for wide CFO capture then 2 or more blocks to fine tune the CFO estimate.  However, there is a practical upper limit based on the expected UE’s residual CFO error. Table 2 shows the mapping between the maximum CFO capture range and Z. In the past, the UE’s residual CFO error has been assumed to be ±100Hz, which would correspond to a maximum Z= 10. Although having as many repeated blocks (large Z) is advantageous, Z > 8 will likely not be usable since the UE residual error will likely be larger.
Table 2: Maximum CFO Capture Range v/s Z

	Maximum CFO capture range
	Z

	±500Hz
	2

	±250Hz
	4

	±125Hz
	8

	±100Hz
	10

	±62.5Hz
	16

	±31.25Hz
	32


Observation: It is advantageous to have Z as large as possible, but larger than 8 will not provide improved CFO estimation.  

5. Discussion on how to set Z

Some of the possible options to set Z are:
· When Frequency Hopping enabled: 
· Option 1:  Z=Ych {Ych is # SF between FH}

· Option 2: Defined in specification e.g. Z = fix(#repeats/4)

· When Frequency Hopping disabled: 

· Option 1:  Z=Ych  (even though FH is disabled)

· Option 2: Defined in specification e.g. Z = fix(#repeats/4)

If frequency hopping is enabled, Ych should be >= 8 as the cross SF channel estimation has been shown to be a much better technique to improve performance than frequency hopping  and if Z has a maximum practical value of 8, Ych will always be >= Z. Ideally, the same method to set Z should be used with and without frequency hopping. 

Given the above points, Sierra believes option 2, Z defined in specification, is the simplest option to specify and implement.  Sierra believes that fewer values of Z than Z= fix(#repeats/4) are possible and would also simplify implementation. Thus the following simple rules to set Z could be specified:

If #repeats<32, use Z = 1, else use Z = 8

For example, if the repetition levels are {2,4,8,16,32,64,128,256}  then the corresponding values for Z can be:
          R = {2,4,8,16,32,64,128,256}
          Z = {1,1,1, 1, 8, 8,  8,  8}
Recommendation: If #repeats<32, use Z = 1, else use Z = 8.
6. Conclusion

Observation: RV cycling for larger TBS can double the data rate, reduce PUSCH resources by ½ and significantly reduce UE power consumption.

Observation: It is advantageous to have Z as large as possible, but larger than 8 will not provide improved CFO estimation.  
Recommendation: If #repeats<32, use Z = 1, else use Z = 8.
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8. Annex: Simulation Parameters

	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Antenna
	1×2, low correlation

	Channel Model
	EPA, 1 Hz Doppler

	Carrier Frequency Offset
	100 Hz

	MCS
	5

	Cross-SF channel est filter length
	5 subframes

	Frequency hop interval
	8 subframes

	Frequency hop bandwidth
	50 PRBs
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