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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 Supported transmission modes
The purpose of short TTI, i.e. reducing latency, is complementary to the purpose of the different transmission methods defined for LTE, i.e. improving diversity, spectral efficiency, or system capacity. Short TTI can thus be applied in combination with transmission methods covering a broad range of services. Machine type communication for which a robust transmission scheme such as transmit diversity is often suitable can benefit from shorter latency for certain applications. As seen in the system level evaluation campaign during the study item [1], spectral efficiency demanding applications can to a large extent benefit from short TTI as well. So, it should be possible to use short TTI in combination with the basic CRS-based transmission mode as well as with the advanced multi-antenna transmission modes. TM9 and TM10 enable to apply all advanced multi-antenna features available with TM5 and earlier DMRS based transmission modes. It is thus sufficient to define short TTI for TM9 and TM10 to cover all advanced transmission methods. 

Proposal 1 Support at least TM1, TM2, TM3, TM4, TM6, TM9 and TM10 for sPDSCH

The link and system level evaluation campaign [1] highlighted that short TTI may have negative impact on spectral efficiency and UL coverage in certain situations. It is thus important that the eNB is able to change quickly between short TTI operation and 1ms TTI operation for a given UE. Since this is a scheduling decision, the change between sPDSCH and PDSCH can occur as often as in every subframe. 
Proposal 2 A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
Changing the transmission mode for a given UE requires dozens of ms before being effective since the transmission mode for a UE is configured over RRC. If different transmission modes were to be used for sTTI and legacy TTI, they therefore have to be configured for sTTI and legacy TTI in parallel so that fast change between legacy TTI and sTTI operations is possible for a given UE. However, with a different configured transmission mode for short TTI than for legacy TTI the UE needs to carry out two different types of CSI reporting. This means that the UE needs to measure and store different types of CSI reports. This is additional complexity for the UE and additional overhead in UL. It is thus preferable that a short TTI capable UE is configured with the same transmission mode in the 1ms operation and the short TTI operation.

Proposal 3 The transmission mode configured for a UE is valid for both PDSCH and sPDSCH 

As seen in e.g. Table 7.1-5 of TS36.213, two transmission schemes are defined per transmission mode in 1ms operation. One of them is the intended specific transmission scheme with the given transmission mode, e.g. closed-loop spatial multiplexing for TM4, while the other transmission scheme of the same transmission mode is often the robust transmit diversity scheme. While the transmission mode for a given UE is configured over RRC, the transmission scheme for this UE can change in each PDSCH assignment. The transmission scheme used in a scheduled PDSCH is indeed implicitly known from the DCI format used to schedule the corresponding PDSCH. Since the transmission mode configured over RRC cannot be changed very fast, having two transmission schemes per transmission mode enables to change quickly from an advanced PDSCH transmission scheme to a more robust PDSCH transmission scheme if needed. For short TTI, if a quick change in channel or interference conditions makes the chosen advanced transmission scheme inappropriate, the eNB can always switch back to PDSCH scheduling and use the robust PDSCH transmission scheme. However, switching to legacy TTI would negatively affect the latency of the transmissions, which should be avoided for time-critical services. To guarantee robustness and the shortest latency, transmission modes applied with sTTI should support two transmission schemes: the one intended with the TM and a robust transmission scheme such as TX diversity. This is a similar behaviour as in legacy TTI. To limit the number of blind decodes, it is preferable to use the same short TTI DCI for both transmission schemes of the same TM. A field in the short TTI DCI can be added to indicate which of the two transmission schemes is applied. 

Proposal 4 Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme 

2.2 Allocation granularity
As discussed in [4], separation on the grants into a slow grant in PDCCH, and a fast grant in sPDCCH, is proposed. The allocation granularity of the short TTI region, as specified in the slow grant, will be dependent on the number of available bits in the DCI message. For simplicity, the resource allocation types are based on the existing resource allocation types for 1 ms TTI.
The basic resource UL resource allocation in LTE is uplink resource allocation type 0, specifying a contiguous frequency interval. Adopting the same scheme also here would require a number of bits which from TS36.212 [3] is given by 
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For the allocation in downlink, either a bitmap (similar to DL resource allocation type 0), or a contiguous frequency interval (similar to DL resource allocation type 2) can be used.

Using a bitmap, the number of DL allocation bits are given by 
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The P value in the above formula gives the RB group size, and may be adapted to make the bits fit into the DCI. To coexist with the allocation group size of legacy LTE, the P should be a multiple of the legacy size.

Table 1 lists the group size for legacy LTE and increased group size for short TTI, chosen as the minimum multiple of the legacy group size to fit into the available number of DCI bits (leading to a total number of bits in Table 2 that is not larger than the available number of bits). 
Table 1. RB group sizes for different bandwidth in legacy and short TTI operation.
	Bandwidth (RB)
	P (legacy)
	P (short TTI)

	25
	2
	4

	50
	3
	6

	100
	4
	12


In Table 2, the number of bits are shown for different carrier bandwidths. It is desired to send the slow DCI with DCI format 1A not to increase the number of PDCCH decoding attempts. The number of available bits for this format are listed for different bandwidths.

We here assign 6 bits to carrier indication and specification of TTI length in DL and UL, and see that using the choices of P from Table 1, the slow DCI fits into the DCI format 1A.

Table 2. Allocation granularity (group size) as a function of bandwidth, and the number of required bits in the slow grant.

	Bandwidth (RB)
	Available bits in format 1A
	Bits for CID and TTI length
	UL allocation bits
	DL allocation bits
	Total bits

	25
	25
	6
	9
	7
	22

	50
	27
	6
	11
	9
	26

	100
	28
	6
	13
	9
	28


Observation 1 Increasing the RB group size by a factor 2 to 3 compared to legacy LTE enables allocation bits for both DL and UL to fit in the slow DCI with DCI format 1A.

As alternative to the bitmap given above, a contiguous frequency interval can be chosen similarly to DL resource allocation 2. The advantage with DL resource allocation 2 is that it reduces the number of required allocation bits, at the disadvantage of reduced scheduling flexibility concerning frequency dispersion. With this number allocation type, the number of bits follows the same equation as the UL, 
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In Table 3, number of bits are given for different allocation types. It can be seen that the bits required by allocation type 2 are more than what was required from allocation type 0 with increased group size. However, the allocation type 2 could also be modified to include a contiguous range of groups, not specifying individual resource blocks. Thereby 2 to 3 bits are saved compared to the bitmap in allocation type 0.

Observation 2 For contiguous allocation type (DL allocation type 2), specifying RB groups in DL enables bits to fit in the slow DCI with DCI format 1A.

Table 3. Number of bits for different allocation types.
	Bandwidth (RB)
	DL RB group size (RB)
	Number of groups
	DL allocation bits, bitmap
	Bits, DL allocation type 2
	Bits, DL allocation type 2 with groups

	25
	4
	7
	7
	9
	5

	50
	6
	9
	9
	11
	6

	100
	12
	9
	9
	13
	6


Proposal 5 Use a RB group size that is an integer multiple of the legacy group size.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Increasing the RB group size by a factor 2 to 3 compared to legacy LTE enables allocation bits for both DL and UL to fit in the slow DCI with DCI format 1A.
Observation 2
For contiguous allocation type (DL allocation type 2), specifying RB groups in DL enables bits to fit in the slow DCI with DCI format 1A.


Based on the discussion in section 2 we propose the following:
Proposal 1
Support at least TM1, TM2, TM3, TM4, TM6, TM9 and TM10 for sPDSCH
Proposal 2
A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
Proposal 3
The transmission mode configured for a UE is valid for both PDSCH and sPDSCH
Proposal 4
Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
Proposal 5
Use a RB group size that is an integer multiple of the legacy group size.
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