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1 Introduction

In RAN#73, updated WI on shortened TTI and processing time for LTE was approved [1]. Based on [1], RAN1 should specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH and support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH. Among objectives of the WI, following objectives should be focused and completed by RAN#76.

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

In this contribution, we discuss about sPDSCH transmission for latency reduction.
2 Downlink sTTI structure
· 1-slot sTTI

For 1-slot sTTI structure, each slot can compose a sTTI. In other words, sTTI #0 and #1 in a subframe consists of OFDM symbol #0~#6 and #7~#13 respectively.

· 2-symbol sTTI
In terms of downlink sTTI boundary with 2 OFDM symbols within a subframe, we are considering following two options. 

The first option depicted in Figure 1-(a) is to allocate sTTI every two OFDM symbols. Then there exist 7 sTTIs within a subframe. This option has a benefit that all OFDM symbols within subframe are associated in sTTI regardless of legacy control region length. In addition, if downlink control channel for the first sTTI after the legacy control region is replaced by legacy PDCCH, it can reduce control overhead especially for sTTI which is invaded by legacy control region (i.e., sTTI #0 for 1-symbol legacy control region and sTTI #1 for 3-symbol legacy control region). However, multiplexing issue between 2-symbol sTTI and 1-slot sTTI in a subframe can be issued in this option. In other words, scheduling of 1-slot sTTI and 2-symbol sTTI in sTTI #3 can be restricted since sTTI boundary of 1-slot sTTI is located in the center of sTTI #3 of 2-symbol sTTI, 

To make it easy to multiplex of 2-symbol sTTI and 1-slot sTTI, we can consider another option for 2-symbol sTTI boundary which is aligned with 1-slot sTTI boundary as shown in Figure 1-(b). In this option, there are 6 sTTIs within a subframe, and the first OFDM symbol in each slot are not utilized for sTTI composition. Similar to the first option, downlink control channel for the first sTTI after the legacy control region can be transmitted in legacy PDCCH. In addition, sPDCCH for the first sTTI in the second slot (i.e., sTTI #3) can be transmitted in the first OFDM symbol in the second slot (i.e., OFDM symbol #7). Otherwise, the first OFDM symbol in the second slot can be included in sTTI #3.

In both of two options, if there exists a sTTI which is fully occupied by legacy control region, the sTTI cannot be utilized for sPDSCH transmission.

Proposal 1: Downlink sTTI structure for 2-symbol sTTI in Figure 1-(a) or 1-(b) is adopted.
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Figure 1. Examples of sTTI boundary with 2 OFDM symbols

3 sPDSCH resource

In the last meeting, there was an agreement that sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH [2]. 
For detailed discussion terms of sPDCCH and sPDSCH multiplexing, we can consider following three cases.
· Case A: From a cell perspective, sPDCCH and sPDSCH can be allocated using different frequency resource always. An example of this multiplexing scenario is depicted in Figure 2-(a). In this case, since sPDCCH and sPDSCH do not share any PRB resource, sPDSCH can be transmitted using the entire OFDM symbols within sTTI except legacy control region. However, within frequency resource for sPDCCH transmission, resource waste problem is occurred since OFDM symbol or REs not used for sPDCCH cannot be utilized for sPDSCH transmission. Furthermore, considering FDM between sPDCCH/sPDSCH and PDSCH in the perspective of eNB, resource allocation for PDSCH scheduling can be further restricted in this case. 
· Case B: sPDCCH and sPDSCH can be allocated in any frequency resources as shown in Figure 2-(b). Therefore, frequency resource of sPDCCH and sPDSCH for the same UE or different UEs can be overlapped or not. If sPDCCH and sPDSCH scheduled by the sPDCCH are overlapped, a UE can rate-match sPDSCH around sPDCCH resource. However, a UE does not know resource used for sPDCCH transmission for other UEs. Also, a UE cannot be convinced of resources for UL grant, since there is a possibility that a UE detects UL grant even if an eNB does not transmit it. Therefore, it is challenging to determine sPDCCH resource used for other UEs for UL grant for determining resources used for sPDSCH in the first OFDM symbol. Instead, there can be explicit configuration for frequency resource not used for sPDSCH transmission.
· Case C: As shown in Figure 2-(c), sPDCCH for sPDSCH scheduling and scheduled sPDSCH can be transmitted using the same frequency resource always. Alternatively, frequency resource for sPDCCH for sPDSCH scheduling can be subset of frequency resource for scheduled sPDSCH. In this case, sPDCCH for other UEs cannot be allocated within sPDSCH resource. Then, a UE can rate-match sPDCCH resource from sPDSCH resource. But the problem of UL grant uncertainty problem is still remained. To solve this problem, UL grant can be transmitted using frequency resources not used for sPDSCH transmission. Otherwise, UL grant can be transmitted using pre-determined resource within sPDSCH frequency resource and UL grant transmission indicator can be delivered by DL assignment.
When we consider sPDCCH and sPDSCH multiplexing, sharing frequency resource for sPDCCH and sPDSCH resource seems desirable. If frequency resource of sPDCCH and sPDSCH are associated, DCI overhead for resource allocation can be reduced. In addition, it is also beneficial for DMRS sharing between sPDCCH and sPDSCH to reduce DMRS overhead. Furthermore, considering peak-data rates, it is necessary to support that sPDSCH can be mapped on up to system bandwidth. 
Proposal 2: Frequency resource of sPDCCH scheduling sPDSCH is a subset of frequency resource of scheduled sPDSCH. A UE can perform rate-matching of sPDSCH on sPDCCH resource for sPDSCH scheduling in the scheduled PRBs.
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(a)                                        (b)                                        (c)
Figure 2. Examples of sPDCCH and sPDSCH resource
4 Transmission scheme and reference signal
4.1 Transmission scheme
For sPDSCH transmission based on CRS, existing CRS based transmission scheme such as transmit diversity or spatial multiplexing can be used. In case of DMRS based transmission, the number of supported layers should be determined considering beamforming gain and DMRS overhead.
When CRS based TM is configured for sPDSCH, sPDSCH cannot be scheduled in MBSFN subframes. To transmit sPDSCH in MBSFN subframes, one approach is not to configure CRS-based TM if there exists MBSFN subframes. Another approach is to configure DMRS based TM for sPDSCH transmission in MBSFN subframes additionally. In other words, a UE can be configured two TMs, one is for normal subframes and the other one is for MBSFN subframes. Both of CRS and DMRS TM can be configured in normal subframes and only DMRS based TM can be configured in MBSFN subframes. To overcome low spectral efficiency, it is also considerable to restrict CRS based TM in normal subframes or restrict DM-RS antenna ports when sTTI length of 2 OS is configured. 
Proposal 3: Both of CRS and DMRS TM can be configured in normal subframes and only DMRS based TM can be configured in MBSFN subframes. Further investigation on DM-RS based TM support in normal subframe with sTTI length of 2 OS is necessary. 

4.2 Reference signal

DMRS pattern for sPDSCH needs to be designed at least for 2-symbol sTTI. 

In terms of frequency resource of sPDSCH DMRS, for an antenna port, it seems desirable to allocate more than one DMRS RE per PRB per OFDM symbol based on our previous evaluation result in [3]. Unlike legacy DMRS pattern, DMRS can be allocated in OFDM symbol containing CRS in 2-symbol sTTI. Then, v-shift based PCID similar to CRS needs to be applied to DMRS also to avoid collision with CRS. When DMRS for multiple antenna port are transmitted, CDM using adjacent two REs in frequency domain can be used. 
Regarding OFDM symbol resource of sPDSCH DMRS, if we assume that sPDCCH is transmitted in the first OFDM symbol in case of 2-symbol sTTI, it seems natural that sPDCCH DMRS and sPDSCH DMRS are transmitted in the first OFDM symbol and the second OFDM symbol in the sTTI respectively. However, in this case, all DMRS REs for sPDSCH should be allocated in an OFDM symbol, and DMRS overhead can be too high to support multiple antenna ports such as 4 or 8.
To reduce DMRS overhead issue, (a) DMRS pattern for 2-symbol sTTI can be designed based on multiple PRB (e.g., PRG) unit. (b) For another scheme to solve DMRS overhead problem, if CRS is transmitted in the second OFDM symbol within a sTTI, sPDSCH transmission can be fallback to CRS based TM even if DMRS based TM is configured. Or, when DMRS based TM is configured, fallback to CRS based TM in non-MBSFN subframes and applying DMRS based TM in MBSFN subframes only can be considered. (c) DMRS sharing between sPDCCH and sPDSCH is also considerable scheme. 
When DMRS sharing between sPDCCH and sPDSCH is applied, OFDM symbol resource of sPDCCH DMRS and sPDSCH DMRS are discussed below. 
· Case A: If the number of antenna ports for sPDCCH and sPDSCH transmission have different number, a part of antenna ports are shared by sPDCCH and sPDSCH. For example, let’s assume that antenna port p and p+1 are used for sPDCCH transmission and antenna port p, p+1, p+2, and p+3 are used for sPDSCH transmission. In this case, DMRS for antenna port p and p+1 needs to be allocated in the first OFDM symbol to reduce sPDCCH decoding latency. Then, DMRS for antenna port p+2 and p+3 can be allocated in the second OFDM symbol which is used to transmit sPDSCH only.
· Case B: Antenna ports number and index for sPDCCH and sPDSCH can be same always. If antenna port number of sPDCCH and sPDSCH are different, optimal precoding matrix for both of sPDCCH and sPDSCH cannot be applied. However, in this case, beamforming gain can be maximized both for sPDCCH and sPDSCH. To reduce sPDCCH decoding latency, it seems desirable to allocate DMRS for sPDCCH and sPDSCH in the first OFDM symbol.
Even if DMRS for sPDCCH is shared with sPDSCH, there can be sPDSCH frequency resource which is not overlapped with sPDCCH frequency resource. Although sPDCCH is not transmitted in these frequency resource, DMRS for sPDSCH needs to be transmitted in the first OFDM symbol as shown in Figure 3. Figure 3 describes an example of DMRS pattern for sPDCCH and sPDSCH when DMRS sharing Case A is assumed.
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Figure 3. Examples of DMRS allocation for sPDCCH and sPDSCH
Proposal 4: Schemes to reduce sPDSCH DMRS overhead issue needs further investigation.
5 Simultaneous reception in a single carrier

During the study item stage, there was a discussion on simultaneous reception of legacy unicast PDSCH (i.e., unicast PDSCH) and sTTI unicast PDSCH (i.e., unicast sPDSCH).
Since we do not see a motivation that requires data reception using both of legacy TTI and shortened TTI simultaneously in the same carrier, we prefer to adopt simple UE behaviour without increasing UE capability. Therefore, we propose that a UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier. If decoding unicast PDSCH and unicast sPDSCH are collided, decoding sPDSCH should be prioritized and decoding of unicast PDSCH can be dropped. If simultaneous decoding of unicast PDSCH and sPDSCH is necessary, unicast PDSCH and unicast sPDSCH can be carried on different carriers. 

Proposal 5: A UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier.

6 Conclusion 

In this contribution, we discussed on sPDSCH transmission and provided our views as following.
Proposal 1:  Downlink sTTI structure for 2-symbol sTTI in Figure 1-(a) or 1-(b) is adopted.
Proposal 2: Frequency resource of sPDCCH scheduling sPDSCH is a subset of frequency resource of scheduled sPDSCH. A UE can perform rate-matching of sPDSCH on sPDCCH resource for sPDSCH scheduling in the scheduled PRBs.
Proposal 3: Both of CRS and DMRS TM can be configured in normal subframes and only DMRS based TM can be configured in MBSFN subframes. Further investigation on DM-RS based TM support in normal subframe with sTTI length of 2 OS is necessary. 

Proposal 4: Schemes to reduce sPDSCH DMRS overhead issue needs further investigation.
Proposal 5: A UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier.
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