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

As seen in e.g. Table 7.1-5 of 3GPP TS 36.213 [5], 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 the robust PDSCH transmission scheme. However, for sTTI, 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 2 Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
Proposal 3 To limit the number of blind decodes, the same DCI format is used to schedule both transmissions schemes 

2.2 Supported number of codewords for sPDSCH
For legacy downlink transmission with 1ms TTI, up to eight layers can be supported with up to two codewords. A four layer-transmission can occur with either one codeword or two codewords, see TS36.211. The downlink control information (DCI) scheduling a multi-layer transmission contains a modulation and coding scheme (MCS) field and a new data indicator (NDI) field per codeword. So, the MCS and NDI information requires twice as many bits for a 2 codewords transmission compared to a single codeword transmission. In order to reduce the signaling overhead for sTTI transmissions, it is proposed that only single-codeword is supported for downlink short TTI transmission. Note that this is also in line with the NR PDSCH codeword design. The mapping of one codeword to up to a 4-layer short TTI transmission can be done by reusing the legacy principle. 
Proposal 4 Support only single-codeword for downlink short TTI transmission

2.3 Resource Allocation
It is preferable that the resource allocation (RA) types for sPDSCH are based on the existing resource allocation types for 1 ms TTI. Three resource allocation types are defined in DL for LTE 1ms TTI: DL resource allocation type 0, type 1 and type 2. 

DL resource allocation type 0 and type 1 are based on a bitmap of resource block groups (RBG) giving the possibility to the eNB to allocate non-contiguous resources that may span various part of the system bandwidth. With resource allocation type 0, a RBG can be allocated to a UE only entirely. With resource allocation type 1, partial RBG can be allocated to a UE but with some restrictions in terms of which RBG are addressable. RA type 1 is not widely used in networks today. Support of RA type 1 could be skipped for sTTI to reduce DCI format and specification effort. On the other hand, the partial RBG allocation capability of RA type 1 may appear more attractive for sTTI than 1ms TTI to enable efficient sPDSCH/sPDCCH multiplexing. This depends on the sPDSCH/sPDCCH multiplexing method selected by RAN1 which is still under discussion. 
Proposal 5 Support of resource allocation type 1 for sPDSCH is FFS 

By contrast, DL resource allocation type 2 only supports allocation of a contiguous frequency interval. This gives the eNB the possibility to schedule very few PRBs (less than a RBG). Another advantage with DL resource allocation type 2 is that it reduces the number of required allocation bits, leading to a very compact DCI. The disadvantage is reduced scheduling flexibility concerning frequency diversity. 
2.3.1 Resource allocation granularity

To limit the control overhead increase due to sTTI, it is desirable to reduce the number of bits required for sPDSCH resource allocation in the DCI.  
Using a bitmap, as DL RA type 0 or 1, the number of DL allocation bits are given by 
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The P value in the above formula gives the RBG 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. RBG 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 6 Support resource allocation type 0 for sPDSCH based on an sRBG having an increased  size by a factor 2 to 3 compared to legacy LTE RBG
Using a contiguous frequency interval as in DL RA type 2, the number of bits is given by 
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In Table 2, the 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. 
Observation 1 The resource allocation bit field requires more bits with resource allocation type 2 than with sRBG-based resource allocation type 0 
RA type 2 could also be modified to include a contiguous range of groups, not specifying individual resource blocks. For instance, the RBG with increased size compared to 1ms TTI RBG as defined for sPDSCH with 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. Doing this, however, would remove the advantage of RA type 2 over RA type 1 to support allocation of fewer PRBs than the RBG size. This restriction appears reasonable for short TTI operation where the few radio resources in time domain will be compensated by a larger resource allocation in frequency domain. Achieving a compact resource allocation field in the DCI used for sTTI is also an important criterion to reduce the control channel overhead in short TTI.
Proposal 7 If supported for sPDSCH, resource allocation type 2 is based on allocation of consecutive sRBGs
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


2.4 Transport Block Size
The transport block size (TBS) for short TTI is discussed in detail in [6]. The main proposals regarding TBS for short TTI can be summarized as follows.
Proposal 8 The TBS for short TTI operation is calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols
Proposal 9 The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate
Proposal 10 The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The resource allocation bit field requires more bits with resource allocation type 2 than with sRBG-based resource allocation type 0


Based on the discussion in section 2 we propose the following:
Proposal 1
The transmission mode configured for a UE is valid for both PDSCH and sPDSCH
Proposal 2
Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
Proposal 3
To limit the number of blind decodes, the same DCI format is used to schedule both transmissions schemes
Proposal 4
Support only single-codeword for downlink short TTI transmission
Proposal 5
Support of resource allocation type 1 for sPDSCH is FFS
Proposal 6
Support resource allocation type 0 for sPDSCH based on an sRBG having an increased  size by a factor 2 to 3 compared to legacy LTE RBG
Proposal 7
If supported for sPDSCH, resource allocation type 2 is based on allocation of consecutive sRBGs
Proposal 8
The TBS for short TTI operation is calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols
Proposal 9
The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate
Proposal 10
The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value.
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