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1 Introduction
In RAN1#85 meeting of the WI on Shortened TTI and processing time for LTE, there were the following agreements [1]: 
Agreements:

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4

· the maximum number of supported layers is 8

· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot. 
Following lists the agreement in the RAN1#86bis meeting [2].
Agreements:

· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.

· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI
This contribution further discusses some design aspects for PDSCH transmission. 
2 Resource allocation

Because sPDCCH with DL grant can be sent in each sTTI, the control overhead is increased. In order to limit the control overhead, compact DCI with low resource allocation overhead should be considered. Table 1 gives the comparisons of number of REs available to (s)PDSCH, assuming two CRS ports, no DMRS and three-symbol PDCCH region.  
Table 1 Comparison of available data REs between sPDSCH and PDSCH

	
	# of REs per RB per (s)TTI
	Ratio between 

TTI and sTTI
	notes

	1ms TTI
	12*11-12=120
	1
	

	1st slot TTI
	4*12-4=44
	2.73
	

	2nd slot TTI
	5*12-4=56
	2.14
	sPDCCH occupies 2 symbols

	2-symbol TTI
	2*12-4-2*12*25%=14
	8.57
	sPDCCH occupies 25% of total resource


It can be seen that, for the given RB allocation in frequency domain, the number of data REs in 1ms TTI is about 9 time of 2-OS sTTI, which is much larger than legacy RBG size in unit of RB. Therefore, increasing resource allocation granularity should be considered to save L1 signalling overhead. To support different system bandwidths, the resource allocation granularity can depend on system bandwidth, and meanwhile should be defined as integer multiples of RBG size in order to avoid the impact on legacy UEs’ resource allocation. Table 2 gives some suggested values and overhead, where the resource allocation granularity is 2 or 3 times of RBG size.
Table 2 Resource allocation granularity and overhead for 2-symbol TTI

	System Bandwidth
	RBG Size
	Resource allocation granularity
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	(P)
	2-symbol TTI
	Overhead
RA Type0/1
	Overhead
RA Type2

	6
	1
	/
	/
	/

	15
	2
	4
	4
	4

	25
	2
	4
	7
	5

	
	
	6
	5
	4

	50
	3
	6
	9
	6

	
	
	9
	6
	5

	100
	4
	8
	13
	7

	
	
	12
	9
	6


For 1-slot TTI, lager resource allocation granularity 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 granularity should be increased for short TTI.
· The resource allocation granularity depends on system bandwidth.
· 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 TMAccording 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, UE in the CRS-based TM can be allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. For simplicity, similar to TM9 in MBSFN subframes, single antenna port transmission can be assigned. 
Proposal 2: 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 DMRS based TMAs discussed in [3], DMRS pattern of CDM-T as in legacy LTE system should be supported in sTTI. For 2-symbol TTI, the maximum number of supported layers can be 2 or 4, which should be considered based on DMRS overhead, performance and throughput. For 1-slot TTI, the maximum number of supported layers per TTI is 4.
Proposal 3: For DMRS based TM, the maximum number of supported layers can be 2 or 4 for 2-symbol TTI, and 4 for 1-slot TTI.
3.3 Transmission mode configurationTransmission 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 4: 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 granularity should be increased for short TTI.

· The resource allocation granularity depends on system bandwidth.

· The resource allocation granularity can be defined as 2 or 3 times of RBG size for short TTI. 

Proposal 2: 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: For DMRS based TM, the maximum number of supported layers can be 2 or 4 for 2-symbol TTI, and 4 for 1-slot TTI.
Proposal 4: 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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