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1 Introduction
There were the following agreements in previous meeting [1][2]: 
RAN1#88

· An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
· sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH

· Legacy DCI content is the starting point for sDCI1
· Reduce payload size of sDCI1
· Increase the granularity of resource block assignment 
· FFS the applicability and granularity for each resource allocation type
· FFS: Jointly indicate some of the information
· FFS: which DCI fields to remove from the legacy DCI

· Other methods to decrease the sDCI1 size are not precluded
· FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
RAN1#89
· Resource allocation type 1 for sPDSCH is not supported
This contribution further discusses some design aspects for sPDSCH transmission. 
2 Resource allocation

It was agreed that the granularity of resource block assignment should be increased. To support a more accurate resource allocation for different system bandwidths, the resource allocation granularity can be defined as 2 or 3 times of RBG size. Table 1 gives some suggested values and overhead, where the resource allocation granularity is 2 or 3 times of RBG size.
Table 1 Resource allocation granularity and overhead for 2-symbol TTI

	System Bandwidth
	RBG Size
	Resource allocation granularity
(RB)
	Overhead
RA Type0
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If the resource allocation schemes in legacy LTE are reused by increasing both the resource allocation granularity and the staring position granularity, sPDSCH and PDSCH cannot be multiplexed flexibly in that the DL grant for sPDSCH is generally later than that for PDSCH in the same subframe. As shown in Figure 1(a), if the resource allocation Type 2 is reused by increasing both the resource allocation granularity and the staring position granularity for sPDSCH, some remaining PRBs besides the PDSCH cannot be allocated to sPDSCH and are wasted. To tackle this issue, the resource allocation granularity is increased while the starting position of allocated resource for sPDSCH can be still based on PRB. Then, the remaining PRBs can be allocated to sPDSCH by adjusting the starting position of resource allocation, as shown in Figure 1(b). The details of RIV and overhead are given in [3].
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Figure 1 Multiplexing of PDSCH and sPDSCH with the resource allocation granularity of sPDSCH increasing up to 8 PRBs
For 1-slot TTI, a lager resource allocation granularity compared to LTE can still be considered. Based on the numerical analysis in Table 1, the resource allocation granularity for 1-slot TTI can also be 2 or 3 times of RBG size.
Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.
· The resource allocation granularity can be defined as 2 or 3 times of RBG size for short TTI. 
3 Transmission mode
3.1 CRS based TM
According to the current specification, the UE configured in CRS-based TM is not able to receive DMRS-based transmission in MBSFN subframes. This limitation certainly increases transmission delay and therefore not desirable for short TTI application. Because SI concludes that "no change for CRS definition is envisioned", it is not a favourable solution to transmit CRS in the PDSCH region of MBSFN subframe. Alternatively, a UE in the CRS-based TM can be allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. For simplicity, single antenna port transmission can be assigned. 
Proposal 2: A UE in the CRS-based TM is allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. 
· This temporary DMRS-based transmission can be the single antenna port transmission. 
3.2 Transmission mode configuration
Transmission modes for sPDSCH and PDSCH can be configured separately. If CSI is reported based on each transmission mode respectively, two kinds of CSIs need be measured and reported. The processing complexity for UE is high. To avoid this, only one CSI feedback, which is based on the transmission mode of sPDSCH or PDSCH, can be configured. For example, only legacy CSI reporting is configured. If TMs of both sPDSCH and PDSCH are DMRS based or CRS based, the CSI feedback can be used for scheduling the both channels. Otherwise, for example, assume that PDSCH is configured CRS based TM, and sPDSCH is configured DMRS based TM. sPDSCH still can be scheduled according to the CSI feedback based on CRS. Conversely, assume that PDSCH is configured DMRS based TM, such as TM9, and sPDSCH is configured CRS based TM. sPDSCH still can be scheduled according to the CSI feedback based on CSI-RS, similarly to fallback to TM2 in case of TM9. In addition, the number of antenna ports for CSI feedback limits the number of transmission layers.
Proposal 3: Transmission modes for sPDSCH and PDSCH are configured separately.
· Only one CSI feedback, which is based on the transmission mode of sPDSCH or PDSCH, is configured. 
4 Conclusion

In this contribution, we give our analysis on issues of PDSCH transmission for downlink of shortened TTI. We have the following proposals:
Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.
· The resource allocation granularity can be defined as 2 or 3 times of RBG size for short TTI. 

Proposal 2: A UE in the CRS-based TM is allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. 
· This temporary DMRS-based transmission can be the single antenna port transmission. 

Proposal 3: Transmission modes for sPDSCH and PDSCH are configured separately.
· Only one CSI feedback, which is based on the transmission mode of sPDSCH or PDSCH, is configured. 
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