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1 Introduction

In RAN1#86bis the transmission modes for short TTI operation were agreed as follows.

· 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

In this contribution, we provide views on the physical layer design for TTI shortening for downlink transmissions. 
2 Discussion
The link and system level evaluation campaign [1] highlighted that short TTI is beneficial in terms of user throughput but may also 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 sPUSCH and PUSCH or between sPDSCH and PDSCH should occur as often as in every subframe. This has been agreed for sPUSCH and PUSCH during the SI (agreement copied in section 1) and this behaviour can be extended to downlink. 

According to the agreements taken so far for sTTI operation, it can be observed that sTTI will not be used in combination with all features defined for the 1ms TTI. For example, up to 8 MIMO layers are supported with 1ms TTI currently, while in [2] it was recommended to support sTTI operation with up to 4 layers for CRS based transmission modes. It is likely that even fewer layers will be supported for sTTI operation with DMRS based transmission modes due to DMRS overhead. A dynamic switching between sTTI and 1ms TTI in DL can therefore allow the dynamic usage of features not supported with sTTI according to traffic and channel conditions. As an example the eNB could schedule a UE back to 1ms TTI to be able to transmit a higher number of layers to a UE depending on the reported CSI. 

Switching between 1ms and short TTI operations may also be dictated by the traffic type. In case of eMBB traffic, it is beneficial to use sTTI operation during the TCP slowstart to accelerate this phase and converge faster to the actual throughput provided by the radio link. After the TCP slowstart short TTI does not provide any obvious benefit over 1ms TTI for eMBB traffic and instead induces larger overhead (control and potentially DMRS). It is thus more favourable to switch to 1ms TTI operation to enjoy larger data rate. 

Proposal 1 A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
2.1 Transmission modes
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 2 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 3 Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme 

2.2 Allocation granularity
As discussed in [4], in several sTTI scheduling options the resource allocation for sPDSCH is included in the sTTI DCI that can be sent in each sTTI. To limit the control overhead increase due to sTTI, there is a will to reduce the number of bits required for sPDSCH resource allocation in the DCI.  For simplicity, it can be assumed that the resource allocation types for sPDSCH are based on the existing resource allocation types for 1 ms TTI.
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 reduce the required number of bits for resource allocation. 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 an example of an increased group size for short TTI chosen as a multiple of the legacy group size.  In the end, the value of P can be adapted considering all the other required fields for the sDCI to limit the size of the sDCI.

Table 1. RB group sizes for different bandwidth in legacy and short TTI operation.
	Bandwidth (RB)
	P (legacy)
	P (short TTI)
	sPDSCH allocation bits with new P

	25
	2
	4
	7

	50
	3
	6
	9

	100
	4
	12
	9


Proposal 4 Increase the RB group size by a factor 2 to 3 compared to legacy LTE 

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 2, 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. For instance, the same groups of PRB as defined for allocation type 0 could be used. This would mean that for a 10MHz DL bandwidth an eNB could allocate one or up to 9 contiguous groups of PRBs. Thereby 2 to 3 bits are saved compared to the bitmap in allocation type 0 as shown in Table 2.
Proposal 5 Extend resource allocation type 2 to cover allocation of consecutive groups of PRB

Table 2. 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


3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
Proposal 2
The transmission mode configured for a UE is valid for both PDSCH and sPDSCH
Proposal 3
Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
Proposal 4
Increase the RB group size by a factor 2 to 3 compared to legacy LTE
Proposal 5
Extend resource allocation type 2 to cover allocation of consecutive groups of PRB
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