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This contribution summarizes our views on the evaluation methodology for TTI shortening.
Discussion
TTI shortening allows a reduced TTI spanning from 0.5ms to 1 symbol in contrast to the 1ms sub-frame in current LTE system. The reduction in TTI length will impact the performance of both the data channels and the control channels.
Data Channel Performance Evaluation
In this section, we discussed some aspects that should be considered for evaluation of physical data channels with shortened TTI. 
Shortened TTI length
[bookmark: _GoBack]The length of a shortened TTI is measured in number of symbols in time. The performance evaluation should include a reduction of TTI length down to 1 symbol for PDSCH, and a reduction of TTI length down to 2 symbols for PUSCH, with 1 symbol used for reference signals. Shorter TTI length indicates larger latency reduction, but at the same time, may imply larger RS overhead or equivalently lower spectrum efficiency. On the other hand, shorter TTIs may have better channel estimation due to the reduced distance between the RS symbols and the data symbols. Therefore, the performance of different TTI lengths should be evaluated and compared. Moreover, the legacy TTI, corresponding to one subframe of length 1ms, should be used as the baseline.
Different short TTI lengths can result in different spectrum efficiencies
1. Evaluate and compare the performance  in terms of the spectrum efficiency of different shortened TTIs, by considering lengths of 2-7 symbols for PUSCH
1. Evaluate and compare the performance in terms of spectrum efficiency of different shortened TTIs, by considering lengths of 1-7 symbols for PDSCH
1. Use the legacy PDSCH and PUSCH with 1ms TTI as baseline
Transport Block Size
As indicated in [1], it is preferred to multiplex UEs operating with TTI shortening and UEs without TTI shortening in frequency so that they can coexist in the same subframe. With a fixed frequency band reserved for UEs operating with different TTI lengths, the transport block size should be scaled with the reduced TTI length. 
Transport block size needs to be scaled with the reduced TTI length for both PUSCH and PDSCH
1. Compare the throughput of different shortened TTI configurations with scaled transport block sizes for both PUSCH and PDSCH

For a given transmission with a fixed transport block size, a larger bandwidth allows for shorter TTIs, and at the same time, provides more frequency diversity gain, which in turn leads to lower BLER. This performance gain should be evaluated with the transport block size fixed for different bandwidth configurations, by scaling the TTI lengths with the configured bandwidth. 
Short TTI can provides frequency diversity gain for a given transmission
1. Compare the performance of different short TTI bandwidth configurations with fixed transport block size and fixed MCS index for both PUSCH and PDSCH

RS Configuration
UL DMRS Configuration
For uplink data transmissions, from latency reduction perspective, the DMRS symbol is preferred to be placed at the beginning of the short TTI.  This is because it allows for channel estimation before the end of the short TTI, which reduces the delay and gives more processing time for eNBs. However, when the channel is time varying and the time duration of the short TTI is comparable to the channel coherence time, it would be better to place the DMRS symbol in the middle of the short TTI, so that it enables better channel estimation. Moreover, for shortened TTI with a length of 7 symbols, it may be good to use the legacy DMRS position to keep backward compatibility.
Depending on channel properties, the distance in time between the RS symbols and the data symbols with a short TTI may have an impact on the channel estimating performance of the data channel
1. Evaluate different DMRS positions for PUSCH, including placing the DMRS symbol at the beginning of the short TTI and placing the DMRS in the middle of the short TTI.
Transmitting DMRS in every short TTI will lead to an increased overhead, especially for very short TTIs. One way to reduce the overhead is to multiplex DMRS of different users on the same symbol in time domain by using different cyclic shifts. Note that the orthogonality between different DMRS sequences can have an impact on the channel estimation performance. Another way to reduce the DMRS overhead is to avoid transmitting DMRS in every short TTI if the same user is scheduled multiple times on the same frequency resources. Depending on the channel properties, this method may also result in worse channel estimation.
Multiplexing DMRS of different users on the same symbol can reduce the overhead, with a cost on channel estimation performance
Do not transmitting DMRS in every short TTI when the UE is scheduled multiple times on the same frequency resources can reduce the overhead, with a cost on channel estimation performance
1. Evaluate DMRS multiplexing for PUSCH by using different cyclic shifts on the DMRS of different users. The cyclic shift indices can be selected based on Table 5.5.2.1.1-1 in TS 36.211. 
1. Evaluate only transmitting DMRS in the first short TTI with one UE scheduled on the same frequency resources and multiple short TTIs.

DL CRS Configuration
As channel estimation can be carried out using CRS, no changes to the reference signal structure are need for shortened TTIs. 
1. Use two CRS ports as the baseline when evaluating DL performance.
DL DMRS Configuration
The LTE DMRS structure specifies two sets of DMRS in each subframe, one for each slot. When the TTI length is reduced below one slot, the DL DMRS positions need to be redesigned. In order for the DMRS not to collide with CRS positions, the DMRS subcarrier placement needs to be cell-specific, avoiding the CRS positions. It should further leave space for CSI-RS transmission.
To limit the DMRS overhead, not all TTIs need DMRS, in case neighbour short TTIs are scheduled to the same user. To model this in simulations, every second TTI can carry DMRS in this case.
1. For simulations shorter than 7 symbols TTIs, send only DMRS every second TTI.

Multi-antenna Transmission Scheme
For both uplink and downlink data transmission, spatial multiplexing by means of SU-MIMO or MU-MIMO can be used to compensate the system throughput loss and spectrum efficiency loss caused by the RS overhead. For downlink transmission, transmit diversity can be used to further improve the reliability. 
On the other hand, the RS configuration in a short TTI can be different as compared to the legacy RS configuration in 1ms TTI for both uplink and downlink. The new RS configuration will impact the channel estimation performance and thereby, affect the performance of different multi-antenna transmission schemes within a short TTI for both uplink and downlink.
For PDSCH, the potential performance gain in terms of spectrum efficiency or/and reliability (BLER) need to be evaluated by considering different transmission modes together with different short TTI configurations. For PUSCH, both single-antenna transmission and multi-antenna transmission by means of antenna precoding with up to four antenna ports need to be evaluated. 
Different multi-antenna transmission schemes need to be evaluated for both PDSCH and PUSCH, together with different RS configurations
1. Evaluate both single-antenna and multi-antenna transmission schemes for PUSCH
1. Evaluate different transmission modes for PDSCH. 
1. For multi-antenna transmission schemes evaluation, limit the maximum number of layers to two for both PUSCH and PDSCH. 

Control Channel Performance Evaluation
PUCCH
Different designs for the uplink control channel with shortened TTI need to be evaluated based on their link level performance. For PUCCH formats carrying HARQ feedback we propose to evaluate the operating SNR for different HARQ payloads based on the following performance requirements:
· Prob(PUCCH DTX → ACK bits) ≤ 10‒2
· Prob(NAK bits → ACK bits) ≤ 10‒3
· Prob(ACK bits → NAK bits or DTX) ≤ 10‒2,
For PUCCH formats carrying CQI we propose to evaluate the operating SNR based on 
· Prob(CQI block error) ≤ 10‒2,
1. For PUCCH, evaluate performance based on DTX  ACK, NAK  ACK, and ACK  (NAK or DTX) performance for HARQ payload, and based on BLER performance for CQI payload.

PDCCH
For the downlink control channel, there is a need for a shortened PDCCH that can be transmitted outside the legacy PDCCH region. To evaluate a particular configuration, the BLER performance should be evaluated for different DCI formats and CCE aggregations. 
1. For PDCCH, evaluate the BLER performance for different DCI formats and CCE aggregations. 
Channel Model
Both single-antenna and multi-antenna transmission schemes need to be evaluated. Moreover, the performance of PUSCH/PDSCH/PUCCH/PDCCH depends on the length of the short TTI, the DMRS configuration and the time-varying properties of the channel. For very short TTIs, the tolerance of higher Doppler is increased since the distance in time between the RS and the data part is smaller. In addition, more bandwidth is needed for very short TTIs for PUSCH/PDSCH to be able to support a transport block size as compared to the legacy 1ms TTI.
Based on the above discussion, we suggest selecting a subset of channel modes based on TS 36.104 Section 8.2.1 for evaluating the performance of PUSCH. The ETU 300Hz channel is included in UL but not in DL due to the applicability of the SC-FDMA modulation for the V2X sidelink channel.

	
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)

	PUSCH/PUCCH
	1
	2
	Normal
	EPA 5Hz Low

	
	
	
	
	EVA 70Hz Low

	
	
	
	
	ETU 300Hz Low

	
	2
	2
	Normal
	EPA 5Hz Low

	PDSCH/PDCCH
	2
	2
	Normal
	EPA 5Hz Low

	
	
	
	
	EVA 70Hz Low



As discussed in [1], for DMRS-based transmission mode, features enables by such a transmission mode should be considered. One example of such a feature is channel dependent precoding which is expected to improve the SINR and for the link level studies a basic correlation based models can be used. 
1. Identify a basic correlation based model for DMRS based transmission with 8 antennas or more for link level evaluations.

Performance Metrics
It is suggested to use spectrum efficiency as a performance metric when investigating different TTI lengths and bandwidth configurations. When the bandwidth of different short TTIs are fixed, or when comparing different DMRS configurations, throughput can be used as another performance metric for data channels. In addition, BLER can also be used for evaluating the performance in terms of reliability for both data and control channels.
1. Use spectrum efficiency and BLER as performance metrics for PUSCH and PDSCH, when comparing different sTTI bandwidth configurations
1. Use BLER and throughput as performance metrics for PUSCH and PDSCH with fixed sTTI bandwidth  
1. Use BLER as a performance metric for PDCCH
Conclusion
The above discussion is summarized with the following observations and proposals:
1. Different short TTI lengths can result in different spectrum efficiencies
1. Transport block size needs to be scaled with the reduced TTI length for both PUSCH and PDSCH
1. Short TTI can provides frequency diversity gain for a given transmission
1. Depending on channel properties, the distance in time between the RS symbols and the data symbols with a short TTI may have an impact on the channel estimating performance of the data channel
1. Multiplexing DMRS of different users on the same symbol can reduce the overhead, with a cost on channel estimation performance
1. Do not transmitting DMRS in every short TTI when the UE is scheduled multiple times on the same frequency resources can reduce the overhead, with a cost on channel estimation performance
1. Different multi-antenna transmission schemes need to be evaluated for both PDSCH and PUSCH, together with different RS configurations
1. Evaluate and compare the performance  in terms of the spectrum efficiency of different shortened TTIs, by considering lengths of 2-7 symbols for PUSCH
1. Evaluate and compare the performance in terms of spectrum efficiency of different shortened TTIs, by considering lengths of 1-7 symbols for PDSCH
1. Use the legacy PDSCH and PUSCH with 1ms TTI as baseline
1. Compare the throughput of different shortened TTI configurations with scaled transport block sizes for both PUSCH and PDSCH
1. Compare the performance of different short TTI bandwidth configurations with fixed transport block size and fixed MCS index for both PUSCH and PDSCH
1. Evaluate different DMRS positions for PUSCH, including placing the DMRS symbol at the beginning of the short TTI and placing the DMRS in the middle of the short TTI.
1. Evaluate DMRS multiplexing for PUSCH by using different cyclic shifts on the DMRS of different users. The cyclic shift indices can be selected based on Table 5.5.2.1.1-1 in TS 36.211. 
1. Evaluate only transmitting DMRS in the first short TTI with one UE scheduled on the same frequency resources and multiple short TTIs.
1. Use two CRS ports as the baseline when evaluating DL performance.
1. For simulations shorter than 7 symbols TTIs, send only DMRS every second TTI.
1. Evaluate both single-antenna and multi-antenna transmission schemes for PUSCH
1. Evaluate different transmission modes for PDSCH. 
1. For multi-antenna transmission schemes evaluation, limit the maximum number of layers to two for both PUSCH and PDSCH. 
1. For PUCCH, evaluate performance based on DTX  ACK, NAK  ACK, and ACK  (NAK or DTX) performance for HARQ payload, and based on BLER performance for CQI payload.
1. For PDCCH, evaluate the BLER performance for different DCI formats and CCE aggregations. 
1. Identify a basic correlation based model for DMRS based transmission with 8 antennas or more for link level evaluations.
1. Use spectrum efficiency and BLER as performance metrics for PUSCH and PDSCH, when comparing different sTTI bandwidth configurations
1. Use BLER and throughput as performance metrics for PUSCH and PDSCH with fixed sTTI bandwidth  
1. Use BLER as a performance metric for PDCCH
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