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1 Introduction

In this contribution, we provide views on the physical layer design for TTI shortening for downlink transmissions. We describe how to extend the design for PDSCH with a shortened TTI length, i.e. sPDSCH. 
2 Discussion

2.1 Number of supported layers

Short TTI transmissions can in principle support the same number of layers as the subframe long TTI transmissions. Increasing the number of layers, however, with DMRS the overhead will increase, and then going beyond two layers will demand insertion of extra DMRS resources. Since at the same time the beamforming benefits of DMRS transmissions is mostly visible for a low number of layers, going beyond two layer transmission may not be justifiable.

For CRS-based demodulation, CRS supporting up to 4 layer transmission can be used also for short TTI lengths, without large standardization implications. The main impact would be on addition information in the scheduling DCI message for the sPDSCH.
Proposal 1 Up to 2 layer transmission is supported for DMRS based modes.

Proposal 2 Up to 4 layer transmission is supported for CRS based modes.
2.2 Design rules for DMRS design

The transmission modes currently defined for PDSCH can be categorized as CRS based TMs and DMRS based TMs depending on which reference signals are used for PDSCH demodulation. TMs 1-6 use CRS for PDSCH demodulation and TMs 7-10 use DMRS for demodulation. 

Both of these options have their advantages. CRS benefits from having higher peak throughput due to less overhead and more straightforward implementation using legacy CRS structure. DMRS benefits from beamforming gain, different downlink transmission schemes such as multi-user MIMO (MU-MIMO) and coordinated multipoint (CoMP) transmission, and existence in scenarios where CRS are not present, e.g. MBSFN subframes. Looking in the future the main purpose for supporting DMRS based demodulation would be to be able to operate with EB/FD-MIMO application scenarios. In order to allow this type of operation is important that the DMRS design for sTTI operation starts from the design assumptions for TM10.
Proposal 3 The DMRS design for sPDSCH is based on TM10 operation.

The benefit of the features enabled needs to be considered together with the additional DMRS overhead. The current DMRS density for the case of one or two reference signals supporting up to two layer transmission is 6 REs per resource block. These DMRS symbols are placed on 3 subcarriers in frequency and on the last 2 symbols of each time slot in time (for normal cyclic prefix). 

Since DMRS resources are taken from resource elements that would otherwise be used for PDSCH transmission to a certain UE, the DMRS positions and density may be changed without impact on backward compatibility. To design a pattern for short TTIs, the same CDM-based DMRS scheme as in TM10 in LTE can be reused, now applied for every TTI. Compared to legacy frequency placement of DMRS RE, the subcarriers used have to be changed, as collision with CRS must be avoided. The repetition of the DMRS pattern every TTI will increase the DMRS overhead, and this should be addressed to not harm the system performance unnecessarily.
Observation 1 Shortening the TTI length, DMRS overhead should be minimized.
An advantage for CRS-based transmission modes is that channel estimation filtering can be done across TTI borders, both in time and frequency, improving the channel estimation processing gain. To improve the channel estimation for DMRS PRB bundling can be applied. This permits the UE to do channel filtering across PRB borders in frequency, leading to improved demodulation performance [1], [4]. The improved channel estimation performance may also be used reduce the DMRS pattern, to possibly have a lighter DMRS pattern with fewer DMRS in frequency, while still maintaining the same performance.
Proposal 4 Use larger PRB bundling to enable the UE to improve channel estimation and reduce the DMRS overhead.
For short TTIs, it is not required from channel variations to have a new DMRS inserted in every TTI. If the same UE is scheduled in two adjacent, or closely placed TTIs, not every TTI needs a new transmitted DMRS. This will reduce DMRS overhead and will maintain demodulation performance in practical cases [1].

Proposal 5 It is recommended to support of dynamic DMRS insertion, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.
2.3 Receive multiple unicast transmissions
During RAN1 #84bis detailed discussions took place about whether or not the UE can receive sTTI and TTI for unicast in the same subframe. The detailed chairmen notes are given below:
Agreements:

· 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

This aspect in itself is very detailed discussion and could equally well be discussed during a potential work item in the future. However, considering the discussions have started we provide our views here on the topics. A key principle to keep from Rel-8 is that the UE should always be able to receive non-unicast transmission for the legacy TTI PDSCH this in order to always be able to receive SIB, paging and random access related messages.
Proposal 6 If the UE is in non-DRX the UE should always be able to receive non-unicast PDSCH, e.g. SIB, paging and random access related messages.
The main question that remains to be addressed is if the UE should be able to receive PDSCH and sPDSCH simultaneously or not. It is noted that if the UE is able to receive both at the same time it would require additional processing capability from the UE side and if it is not needed this additional processing capability will not be needed. This with the assumption that the total processing time standardized will not change due to this additional feature. 

Given that there is currently no common understanding on the processing time required for sTTI operation it is too early to conclude on any specific details regarding this aspect. Concluding on support of this feature currently may than have a direct effect on the processing time discussion. Given that is important to keep the processing time to a minimum to support sTTI operation this is something that is not wished.
Proposal 7 A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.
For the case when the UE is scheduled with both sPDSCH and PDSCH within the same subframe, whether or not any specific rule needs to be specified for this is a detailed question. It is a very suitable for the work item phase of this work. 
However, given that the eNB can control the scheduling of the UE we do not see a strong reason for specifying this case and it can be seen as an eNB implementation error which does not require any specification support.

Proposal 8 No rule for the case when the UE is scheduled to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.
2.4 Multiplexing TTI and sTTI
The reduced TTI length should be introduced in a backwards compatible manner, such that short and subframe TTI length UEs can coexist on the same carrier. It is concluded that the shortened TTIs are FDM within the system bandwidth together with 1 ms TTI.

As an alternative to FDM, puncturing has been proposed to share the time-frequency resources between subframe and short TTI lengths [3]. A motivation to this was to enable fast scheduling of short TTI transmissions, when PDSCH transmissions have already been scheduled.

In [2], puncturing has been evaluated where a subframe long TTI transmission is being punctured on a small time-frequency resource by a sTTI transmission. From there, it is visible that coexistence is not possible with a legacy user.
Observation 2 Puncturing TTI by sTTI will destroy performance for TTI users.
Observation 3 Even with very small sTTI allocation and low TTI code rate, performance for TTI users is severely impacted.
Proposal 9 Puncturing of TTI by sTTI is not further considered.
2.5 DL sTTI layouts
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Figure 1. TTI pattern in DL subframes for TTI lengths of 2, 3, 4, and 7 symbols. R denotes symbol with CRS, and C denotes symbol with sPDCCH.
As a guiding principle for placing the TTIs within the DL subframe, the starting positions of the TTIs should be fixed. This allows the UE to search for sPDCCH in certain symbols only. Another principle may be that the TTI length should be kept uniform whenever possible. The PDCCH will make the first TTI different from the rest in some cases, see layout in Figure 1, where also the location of sPDCCH and CRS within the TTIs are indicated.
Proposal 10 Define fixed starting positions for the DL TTIs in a subframe for TTI lengths 2, 3, 4, and 7 symbols.

3 Summary
In this contribution we discussed our views on the physical layer design for short TTIs in downlink transmissions. The above discussion is summarized with the following observations and proposals:
Observation 1
Shortening the TTI length, DMRS overhead should be minimized.
Observation 2
Puncturing TTI by sTTI will destroy performance for TTI users.
Observation 3
Even with very small sTTI allocation and low TTI code rate, performance for TTI users is severely impacted.


Proposal 1
Up to 2 layer transmission is supported for DMRS based modes.
Proposal 2
Up to 4 layer transmission is supported for CRS based modes.
Proposal 3
The DMRS design for sPDSCH is based on TM10 operation.
Proposal 4
Use larger PRB bundling to enable the UE to improve channel estimation and reduce the DMRS overhead.
Proposal 5
It is recommended to support of dynamic DMRS insertion, where DMRS is not transmitted in every short TTI if the UE is scheduled in multiple sTTIs.
Proposal 6
If the UE is in non-DRX the UE should always be able to receive non-unicast PDSCH, e.g. SIB, paging and random access related messages.
Proposal 7
A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.
Proposal 8
No rule for the case when the UE is scheduled to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.
Proposal 9
Puncturing of TTI by sTTI is not further considered.
Proposal 10
Define fixed starting positions for the DL TTIs in a subframe for TTI lengths 2, 3, 4, and 7 symbols.
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