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1 Introduction

In RAN#67, the study item on latency reduction was approved [1]. RAN1 has discussed how sTTI UEs support receiving legacy PDSCH and sPDSCH. In this contribution, we look into coexistence issues between legacy TTI and sTTI operations for DL. We also discuss the TTI length for DL transmission. 
2 Discussions 
Coexistence between PDSCH and sPDSCH

Short-TTI UEs are basically capable of receiving PDSCH for non-unicast and unicast as well as receiving unicast sPDSCH. In this section, we discuss how a short-TTI UE deals with PDSCH and sPDSCH.

RAN1 discussed sTTI operations for DL and had the agreements in RAN1#84bis as below.

	· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)

· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast



The FFS issues about receiving unicast PDSCH and unicast sPDSCH can be illustrated as shown in the next figure. For Alt 1, once a short-TTI UE is scheduled with unicast PDSCH in Subframe n, it would not expect to receive unicast sPDSCH in the same subframe. In other words, the short-TTI UE expects unicast sPDSCH in the subframes only where unicast PDSCH is not expected to be received. This is shown in Figure 1-(a). One advantage of this alternative is that the short-TTI UE does not have to try to decode sPDCCH and/or sPDSCH in the subframe where unicast PDSCH is transmitted. This could make the short-TTI UE less complex and less power consuming. On the other hand, additional delay should occur due to the restriction on the sPDSCH scheduling. Since sPDSCH is now discussed for low latency applications, it would be much better to avoid the additional delay if possible. 


For Alt 2 and Alt 3, PDSCH and sPDSCH can be transmitted in the same subframe. The difference is whether the short-TTI UE would try to decode both PDSCH and sPDSCH. Of course, when we see the performance aspect, Alt 3 may be better than Alt 2 because the resource for PDSCH is not wasted. However, in order to get the performance benefit, decoding both PDSCH and sPDSCH may become severe burden to the short-TTI UE since two independent processors for decoding would be required. 
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(a) Cases corresponding to Alt 1.

(b) Cases corresponding to Alt 2 and Alt 3.


Figure 1: Receiving unicast PDSCH and unicast sPDSCH for a short-TTI UE

Moreover, the extent of the performance benefit by using Alt 3 is determined by how the collisions of unicast PDSCH and unicast sPDSCH frequently happen. If the cases corresponding to simultaneous transmission of PDSCH and sPDSCH rarely occur, the performance gain by using Alt 3 would be negligible. On the contrary to this, if simultaneous transmissions of PDSCH and sPDSCH occur quite often, the performance gain by using Alt 3 would become larger compared to when using Alt 2. 
Observation 1: Decoding both PDSCH and sPDSCH may become severe burden to the short-TTI UE since two independent processors for decoding would be required.

Observation 2: When a shorte-TTI UE expects that either unicast PDSCH and unicast sPDSCH is transmitted, additional delay should occur due to the restriction on the sPDSCH scheduling.
Proposal 1: Alt 2 is a proper scenario for short-TTI UEs when considering complexity and latency. 
Multiple short TTI support


There are a lot of possibility in operation of short TTI. First, we can think either a single short TTI or multiple short TTIs in a system. For a given UE, we can think either a single short TTI or multiple short TTIs. Then, for the case of multiple short TTI, we can also think either semi-static change or dynamic change of the length of short TTI for a given UE. The above options of a system supporting TTI shortening can be summarized as following Figure 2. 


In Figure 2, the TTI shortening operation can be view with 4 possible scenarios. Since RAN1 needs to consider many aspects such as average performance, cell-edge performance, best performance, design feasibility, and complexity, it is not easy to conclude the best single short TTI among the possible lengths of short TTIs. But, support of multiple shorter TTI lengths could bring the increase of the eNB and UE complexity. Also, the use of multiple shorter TTI length does not mean the better performance than the use of a single short TTI. This is because a UE supporting a single short TTI has been assumed to support subframe-TTI data transmission as well. Then, the eNB can dynamically or semistatically choose between the subframe TTI and the short TTI for the UE. Furthermore, one concern for Option 2 in Figure 2 is the system complexity, especially when HARQ procedure is considered. 

Proposal 2: A single length of short TTI in a system is supported. 
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Figure 2: Possible options for systems supporting TTI shortening
sPDSCH


The existing mapping of PDSCH to resource elements can be reused for sPDSCH. Since a UE supporting short-TTI transmission is likely to also support subframe-TTI transmission, the UE can avoid to map sPDSCH to resource elements used for ZP and NZP CSI-RS. Regarding the channel coding, the use of Turbo code is recommended to keep consistency of channel coding for data channels in LTE. Also, if the TBS is reduced by using a short TTI, the processing time for Turbo decoding can decrease proportionally to the TBS. 


One remaining issue for sPDSCH is how to determine the TBS. In frame structure type 2, transmission by using DwPTS in special subframe seems similar to short-TTI transmission. According to special subframe configuration, the effective number of allocated PRBs is calculated to seek TBS by using legacy TBS table. With normal CP, the effective number of allocated PRBs can be calculated as 
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 for special subframe configuration 9 and for other special subframe configurations, respectively, where 
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 is the total number of allocated PRBs. Similar to the case of DwPTS, the TBS determination for short TTI can be done by using  
[image: image6.wmf]ë

û

{

}

1

,

max

'

a

´

=

PRB

PRB

N

N

, where 
[image: image7.wmf]a

 is defined by the TTI length. For example, 
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 can be decided as 
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 for slot TTI and 2-symbol TTI, respectively.

Observation 3: The mapping of sPDSCH can be performed similarly to the mapping of PDSCH.

Proposal 3: TBS for sPDSCH can be calculated by using the effective allocated PRB number 
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 is defined by the TTI length.
PRB bundling


For a subframe-TTI UE configured with DMRS-based TMs, the precoding granularity can be multiple PRBs named PRG so that the UE may assume that the same precoder is used to those multiple PRBs. The number of PRBs in a PRG is determined by DL system bandwidth. The PRB bundling is adopted because it can be helpful to channel estimation. Since channel coherence bandwidth also affects the channel estimation when PRB bundling is applied, we cannot say that the PRB bundling with a large number of PRBs in a PRG is good for channel estimation.

Moreover, we need to think whether the TTI length may affect the optimal number of PRBs in a PRG. The possible performance degradation on channel estimation of short TTI is due to the reduction of observation time duration. Since PRB bundling affects only frequency-domain aspect of channel estimation, it is unclear how the reduction of TTI length and the optimal number of PRBs in a PRG for PRB bundling are related to each other. Therefore, the PRG size for subframe TTI can be reused for short TTI.
Observation 4: We cannot say that the PRB bundling with a large number of PRBs in a PRG is good for channel estimation.
Observation 5: It is unclear how the reduction of TTI length and the optimal number of PRBs in a PRG for PRB bundling are related to each other.

Proposal 4: The PRG size for subframe TTI can be reused for short TTI.
Reference signal overhead


In the SLS results of [2], DM-RS overhead is not considered. In the following figure, the DM-RS structures for various TTI lengths are provided. 
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Figure 3: Examples of DM-RS structure for each TTI


For shorter TTI, such as 2-symbol TTI, DM-RS overhead could become critical for UPT performance. For the design of DM-RS for shorter TTI, the performance degradation due to the DM-RS overhead needs to be considered. DM-RS designs provided in Figure 3 results in the overhead as shown in Table 1. Even though the very short TTI such as 2-symbol TTI outperforms the other lengths of TTI for small file size [2], the consideration of DM-RS overhead should bring some negative impact on the performance of very short TTIs so that 2-symbol TTI would lose its benefit in transmission of small file sizes. Furthermore, if the CSI-RS configured for legacy TTI operation is considered, the additional overhead for short TTI would become bigger, which means that it could bring more performance degradation for very short TTI.
Table 1: DM-RS overhead for short TTI
	TTI length
	DM-RS overhead (number of DM-RS REs per subframe)

	14 symbols
	12 REs/168 REs = 7.14%

	7 symbols
	12 REs/168 REs = 7.14%

	3 or 4 symbols
	24 REs/168 REs = 14.29%

	2 symbols
	36 REs/168 REs = 21.43%


Observation 6: For short TTI length, DM-RS should increase the reference signal overhead.
Observation 7: The very short TTI such as 2-symbol TTI may lose its benefit due to DM-RS overhead. 
3 Conclusions
In this contribution, we discussed on sPDSCH-related issues. It can be summarized as below. 
Observation 1: Decoding both PDSCH and sPDSCH may become severe burden to the short-TTI UE since two independent processors for decoding would be required.
Observation 2: When a shorte-TTI UE expects that either unicast PDSCH and unicast sPDSCH is transmitted, additional delay should occur due to the restriction on the sPDSCH scheduling.
Observation 3: The mapping of sPDSCH can be performed similarly to the mapping of PDSCH.
Observation 4: We cannot say that the PRB bundling with a large number of PRBs in a PRG is good for channel estimation.
Observation 5: It is unclear how the reduction of TTI length and the optimal number of PRBs in a PRG for PRB bundling are related to each other.
Observation 6: For short TTI length, DM-RS should increase the reference signal overhead.
Observation 7: The very short TTI such as 2-symbol TTI may lose its benefit due to DM-RS overhead.
Proposal 1: Alt 2 is a proper scenario for short-TTI UEs when considering complexity and latency.
Proposal 2: A single length of short TTI in a system is supported.
Proposal 3: TBS for sPDSCH can be calculated by using the effective allocated PRB number [image: image14.wmf]ë
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 is defined by the TTI length.
Proposal 4: The PRG size for subframe TTI can be reused for short TTI.
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