Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #82bis
R1-155944           
Malmö, Sweden, 5th - 9th October 2015
Agenda Item:
7.2.1.4
Source: 
MediaTek Inc.
Title:  
Evaluation on longer TTI for PUSCH in CE mode
Document for:
Discussion/Decision
1 Introduction
During the email discussion to align high level PUSCH simulation assumptions [1], longer TTI have been actively discussed and it could be considered for further study. Furthermore, in the last meeting, it has been agreed to further study the benefit of the longer TTI [5], which is abstracted as below:
Agreements:

· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· Note: the configuration can be explicit or implicit

· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

· Note: any previous agreements on RV still hold

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions 

Here, transmitting code bits of a TB across subframes is what we discussed below for the longer TTI. Such kind of design can support a large TBS for PUSCH in CE mode. Based on the discussion, some observations and proposals were made.
2 Discussion
For delay tolerant MTC UE, it may be possible to segment a large packet into multiple small packets to match the supported maximum TBS. However, one disadvantage of the segmentation is to increase relative RLC/MAC/CRC overhead. Assuming 16bits RLC header for AM mode, 8bits MAC header and 24 bits CRC length, the relative RLC/MAC/CRC overhead is (16+8+24) / (144+24) = 28.6% and (16+8+24) / (936+24) = 5% for TBS=144bits and TBS=936bits respectively. The relatively high RLC/MAC/CRC overhead of a small packet may degrade the effective user data rate. In addition, in coverage enhancement (CE) mode, the transmission time of a large packet may be much less than the total transmission time of multiple segmented small packets since turbo coding gain may be more significant for a large TBS. Therefore, transmitting a large packet may be more efficient than transmitting multiple segmented small packets considering effective user data rate. Actually, that is also somehow verified by the SIB simulation results with one big SIB or multiple small SIBs [2]. 
Observation #1: Transmitting a large TBS can achieve a relatively low RLC/MAC/CRC overhead.
In RAN1 meeting #79, 1000bits has been agreed as the maximum TBS for both broadcast and unicast transmission [3]. For PDSCH in enhanced coverage, even modulation order is limited to QPSK, 1000bits TBS is easy to match. For example, if MCS=9 and 6 PRBs of MTC subband are fully allocated for PUSCH, TBS will be close to 1000bits. However, for PUSCH in enhanced coverage, it may be difficult to match 1000bits TBS since the number of allocated PRB(s) may be limited to 1 to achieve PSD boosting gain. In a classical traffic model for MTC as described in Annex A in 36.888 [4], the UL packet size is about 100 bytes. Therefore, supporting a large TBS up to 1000bits for PUSCH is beneficial and the UL packet with 100 bytes can be transmitted with one-shot MAC PDU. Otherwise, frequent segmentation of UL packet will degrade the effective user data rate. 
In Rel-12 coverage enhancement study item phase, PSD boosting related performance evaluation has been captured in TR 36.888 as following: 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) [4]. In addition, PSD boosting gain can significantly improve uplink cell capacity. Therefore, for PUSCH in enhanced coverage, it is very beneficial to always apply 1 PRB in frequency domain and QPSK modulation. Thus, the highest TBS will be limited to 144bits corresponding to MCS=10. There is a large gap between 144bits and 1000bits. In order to support a large TBS up to 1000bits, longer TTI is a direct solution. Table 1 gives the comparison of longer TTI mapping in time domain and PRBs mapping in frequency domain regarding overall transmission time in 18dB CE. From the results, we can see longer TTI mapping in time domain can significantly reduce transmission time comparing with PRBs mapping in frequency domain, and the maximum gain of transmission time reduction is up to 47.9% for the 6PRBs*1ms case.
Table 1.  Comparison of longer TTI mapping and PRBs mapping in 18dB CE (with frequency hopping X=8, Y=8)
	TBS (bits)
	Longer TTI mapping in time domain
	Transmission time at 10% BLER (ms)
	PRBs mapping in frequency domain
	Transmission time at 10% BLER (ms)
	Gain of transmission time reduction for longer TTI

	144
	1PRB*2ms
	224
	2PRBs*1ms
	216
	

-0.04%

	224
	1PRB*3ms
	288
	 3PRBs*1ms
	324
	11.1%

	328
	1PRB*4ms
	332
	4PRBs*1ms
	480
	30.8%

	424
	1PRB*5ms
	400
	5PRBs*1ms
	660
	39.4%

	504
	1PRB*6ms
	450
	6PRBs*1ms
	864
	47.9%


Observation #2: Longer TTI can be used to support a large TBS if 1 PRB and QPSK are always applied for PUSCH in CE mode.
Table 2, 4 and 5 give the comparison for different TTI lengths in 18dB, 12dB, and 6dB CE from the perspective of user data rate, effective user data rate, and required transmission time of a 1000bits packet respectively. Here, calculation of the effective user data rate is based on the assumption of 16bits RLC header and 8bits MAC header. In the simulation, in order to fairly compare the performance under different TTI length, the used coding rate is almost the same, i.e. using the same MCS. Under the given MCS, the TBS for different number of allocated PRB(s) is considered for different TTI length. For example, TBS=328bits under MCS=5 and 4 PRBs in current TBS table are considered for 4ms TTI. In other words, the PRB is allocated in time domain other than frequency domain. And detailed simulation assumptions are showed in the Appendix in Section 5.

From the simulation results, we can see both user data rate and effective user data rate can be significantly improved by using longer TTI in the three CE levels. In 18dB CE, comparing with the case of 1ms TTI and TBS=72bits, user data rate and effective user data rate for the case of 6ms TTI and TBS=504 can be improved by 168.0% and 282.8% respectively. The gain of user data rate is from the reduction of repetition number at 10% BLER. That is the result of turbo coding gain and relatively low CRC overhead for a large TBS. And, the effective user data rate can be further improved from relatively low RLC/MAC overhead for a large TBS. In addition, for a 1000bits packet, the required overall transmission time can be significantly reduced, and the gain is up to 73.9% by using 6ms TTI. Therefore, introducing longer TTI can significantly improve system spectrum efficiency and reduce UE power consumption reduction, especially in a large CE level. Table 3 gives the longer TTI performance with frequency hopping X=8 and Y=8, and the results show that frequency hopping can remarkably reduce the overall transmission time. However, longer TTI gain is still significant even frequency hopping is enabled, e.g. up to 202.2% for effective user data rate gain.
Observation #3: Longer TTI can significantly improve effective user data rate.
Table 2.  Comparison for different TTI lengths in 18dB CE (SINR=-15.5dB, without frequency hopping)
	TBS (bits)
	TTI length (ms)
	Repetition number at 10% BLER
	Transmission time at 10% BLER (ms)
	User data rate (bps) and gain 
	Effective user data rate (bps) and gain 
	Overall transmission time of a 1000bits packet (ms) and gain

	72
	1
	232
	232
	310.3
	/
	206.9  
	/
	4834
	/

	144
	2
	168
	336
	428.6
	38.1%
	357.1
	72.6%
	2801
	42.1%

	224
	3
	132
	396
	565.6
	82.3%
	505.1
	144.1%
	1980
	59.0%

	328
	4
	114
	456
	719.3
	131.8%
	666.7
	222.2%
	1500
	67.0%
%

	424
	5
	105
	525
	807.6
	160.3%
	761.9
	268.2%
	1313
	72.8%

	504
	6
	101
	606
	831.7
	168.0%
	792.1
	282.8%
	1263
	73.9%

	Note 1: user data rate is calculated by TBS / Transmission_Time, and effective user data rate is calculated by (TBS-RLC_header-MAC_header)/Transmission_Time
Note 2: 1 PRB is occupied in frequency domain for PUSCH transmission



Table 3.  Comparison for different TTI lengths in 18dB CE (SINR=-15.5dB, with frequency hopping X=8, Y=8)
	TBS (bits)
	TTI length (ms)
	Repetition number at 10% BLER
	Transmission time at 10% BLER (ms)
	User data rate (bps) and gain 
	Effective user data rate (bps) and gain 
	Overall transmission time of a 1000bits packet (ms) and gain

	72
	1
	136
	136
	529.4
	/
	352.9
	/
	2833
	/

	144
	2
	112
	224
	642.9
	21.4%
	535.7
	51.8%
	1867
	34.1%

	224
	3
	96
	288
	777.8
	46.9%
	694.4
	96.8%
	1440
	49.2%

	328
	4
	88
	332
	987.9
	86.6%
	915.7
	159.4%
	1092
	61.5%

	424
	5
	80
	400
	1060
	100.2%
	1000
	183.3%
	1000
	64.7%

	504
	6
	75
	450
	1120
	111.6%
	1066. 7
	202.2%
	938
	66.9%


Table 4.  Comparison for different TTI lengths in 12dB CE (SINR=-9.5dB, without frequency hopping)
	TBS (bits)
	TTI length (ms)
	Repetition number at 10% BLER
	Transmission time at 10% BLER (ms)
	User data rate (bps) and gain 
	Effective user data rate (bps) and gain 
	Overall transmission time of a 1000bits packet (ms) and gain

	72
	1
	28
	28
	2571.4
	/
	1714.3
	/
	583
	/

	144
	2
	26
	52
	2769.2
	7.7%
	2307.7
	34.6%
	433
	25.7%

	224
	3
	24
	72
	3111.1
	21.0%
	2777.8
	62.0%
	360
	38.3%

	328
	4
	22
	88
	3727.3
	45.0%
	3454.5
	101.5%
	289
	50.4%

	424
	5
	20
	100
	4240.0
	64.9%
	4000.0
	133.3%
	250
	57.1%

	504
	6
	18
	104
	4846.2
	88.5%
	4615.4
	169.%
	217
	62.9%


Table 5.  Comparison for different TTI lengths in 6dB CE (SINR=-3.5dB, without frequency hopping)
	TBS (bits)
	TTI length (ms)
	Repetition number at 10% BLER
	Transmission time at 10% BLER (ms)
	User data rate (kbps) and gain 
	Effective user data rate (kbps) and gain 
	Overall transmission time of a 1000bits packet (ms) and gain

	72
	1
	5
	5
	14.4
	/
	9.6
	/
	104
	/

	144
	2
	5
	10
	14.4
	0
	12
	25%
	83
	20.0%

	224
	3
	5
	15
	14.9
	3.7%
	13.3
	38.9%
	75
	28.0%

	328
	4
	5
	20
	16.4
	13.9%
	15.2
	58.3%
	66
	36.8%

	424
	5
	5
	25
	16.9
	17.8%
	16
	66.7%
	63
	40.0%

	504
	6
	4
	24
	21.0
	45.8%
	20
	108.3%
	50
	52.0%


Based on above analysis, we can see introducing longer TTI is very beneficial. One simple method of introducing longer TTI is to allocate more resources for PUSCH in time domain rather than in frequency domain. Of course, the allocated PRBs are contiguous in time domain. For example, a transport block with TBS=456bits corresponding to MCS=9 and 3 PRBs in current TBS table, can be mapped to 12 subcarriers (i.e., 1 PRB) and 42 SC-FDMA symbols (i.e. 3ms TTI). In this way, the transport block can be transmitted with the same coding rate as the current one. In the method, the existing TBS table can be directly reused and the TTI length depends on the number of allocated PRB(s) in time domain. If 6 PRBs are allocated in time domain, the TTI length will be 6ms, and the TBS will be 936bits corresponding to MCS=9, which is approximated to 1000 bits. So, possible TTI length is within 1~6ms and related to TBS, i.e., a small TBS may be mapped to a normal TTI and a large TBS may be mapped to a longer TTI. Therefore, no much specification impact is expected to introduce longer TTI.
Observation #4: No much specification impact is expected to introduce longer TTI.
Proposal #1: Longer TTI should be supported for PUSCH at least in CE mode.

Moreover, whether to have dynamic PRB allocation in the time domain (i.e., the length of longer TTI should be considered. In principle, if the length of TTI (or PRB allocation in the time domain for one TB) can be adapted to the higher layer data buffer, it can significantly reduce the control overhead caused by the RLC segmentation. So it seems beneficial to support the dynamic PRB allocation in the time domain to fit the higher layer data in one TB for transmission. Moreover, such dynamic PRB allocation in time domain can also reduce the need of multiple HARQ process since the max 1000bits can be fit into one TB with a longer TTI for transmission over one HARQ process. It should be noticed that more HARQ processes imply more RLC segmentations and control overhead.

It is worth of nothing that dynamic PRB allocation in the time domain for one TB has been also considered in GERAN IoT for the large coverage case.

Observation #5: Dynamic PRB allocation in the time domain (dynamic TTI length) can be adapted to the higher layer data buffer effectively to avoid any segmentation.
Proposal #2: Dynamic PRB allocation in the time domain (dynamic TTI length) for one TB transmission should be supported for the efficient resource utilization and lower UE power consumption.
3 Conclusion
In this contribution, we discussed longer TTI to support a large TBS for PUSCH in CE mode. Based on the discussion, we have following observation:   
Observation #1: Transmitting a large TBS can achieve a relatively low RLC/MAC/CRC overhead.
Observation #2: Longer TTI can be used to support a large TBS if 1 PRB and QPSK are always applied for PUSCH in CE mode.
Observation #3: Longer TTI can significantly improve effective user data rate.
Observation #4: No much specification impact is expected to introduce longer TTI.
Observation #5: Dynamic PRB allocation in the time domain (dynamic TTI length) can be adapted to the higher layer data buffer effectively to avoid any segmentation.
The following proposals have been provided for consideration:

Proposal #1: Longer TTI should be supported for PUSCH at least in CE mode.

Proposal #2: Dynamic PRB allocation in the time domain (dynamic TTI length) for one TB transmission should be supported for the efficient resource utilization and lower UE power consumption.
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5 Appendix
In the simulation, six levels of TTI lengths are considered, i.e. 1, 2, 3, 4, 5, and 6 ms TTI. Considering PUSCH is received with 10% BLER under 18dB CE, the required repetition number are compared, wherein one repetition means one TTI. For longer TTI, a transport block is mapped to more SC-FDMA symbols. For example, for 4ms TTI, 56 SC-FDMA symbols are used to map the transport block, wherein one repetition occupies four subframes. 
Table 6. Simulation assumptions for link-level performance evaluation of longer TTI
	Simulation parameter
	Value

	System bandwidth
	10 MHz

	Antenna configuration for uplink
	1TX*2RX

	Channel model
	EPA

	Doppler spread
	1Hz

	Frequency tracking error
	100Hz

	Modulation order
	QPSK

	MCS
	5

	Channel estimation
	Real channel estimation

	Required coverage gain
	18dB

	Cross-SF channel estimation
	Cross 4 SF

	DMRS density increase
	1X

	Allocated physical resources 
	1 PRB

	TTI length
	1, 2, 3, 4, 5, and 6

	TBS
	72, 144, 224, 328, 424, and 504bits
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Figure 1. Performance of different TTI lengths in 18dB CE (SINR=-15.5dB, without frequency hopping)
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Figure 2. Performance of different TTI lengths in 18dB CE (SINR=-15.5dB, with frequency hopping X=8, Y=8)
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Figure 3. Performance of different TTI lengths in 12dB CE (SINR=-9.5dB, without frequency hopping)
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Figure 4. Performance of different TTI lengths in 6dB CE (SINR=-3.5dB, without frequency hopping)
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