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1. Introduction

In [1], possible short TTI (sTTI) length on downlink and uplink are quoted below:

For FS1:

-
It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
-
It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH
-
During the WI phase, down-selection is not precluded
For FS2:

-
It is recommended to support a design that is based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH for FS2 TDD in Rel-14
· -
It is recommended to consider enhancements including other shorter sTTI duration(s), and additional DL-UL switching points/ additional subframe types for FS2 TDD latency reduction in Rel-15
In [2], companies propose following control candidates for short TTI scheduling
Agreement
· Select a sTTI scheduling scheme among the following candidates for each sTTI length

· Single level DCI 
· RRC configuration of sPDCCH search space and/or sPDCCH frequency region

· UE-specific information in sDCI related to sPDSCH/sPUSCH

· Two level DCI 
· RRC configuration may or may not at least partially indicate sPDCCH frequency region/search space for some of the variants described below

· variant 1
· Slow DCI: non UE-specific information in PDCCH 

· Fast DCI: UE-specific information in sDCI
· variant 2
· Slow DCI: UE-specific information in PDCCH

· Fast DCI: UE-specific information in sDCI
· variant 3
· Slow DCI: UE-specific information in PDCCH and/or sPDCCH

· Fast DCI: UE-specific information in sDCI
· Note: the sTTI scheduling scheme may be the same or different for different sTTI length

· FFS how to reduce the payload of sDCI/DCI messages for sTTI operation

· FFS support of multi-sTTI scheduling

Additional L1 signaling related to sTTI operation can be considered
In this contribution, we discuss on resource allocation for two DL short TTI lengths.
2. Discussion

Latency reduction is an important feature discussed in [1]. One way to reduce the latency is through shortening the TTI length and therefore, it may result in shorter processing time and RTT. Based on the agreement in [3], the short TTI lengths are considered to be 2/7 OFDM symbols (2os/7os) in a downlink subframe. Furthermore, it’s assumed that transmission via legacy TTI length is multiplexed with transmission via short TTI length by frequency division in a subframe in a same carrier. 

Moreover, if considering that an eNB can provide different short TTI length services in a same subframe, it’s necessary to multiplex different short TTI length in a same subframe. As a result, based on the assumption of [1], there may be three kinds of TTI lengths multiplexed in a downlink subframe and it’s essential for an eNB to provide some means to signal UEs resource allocation of each short TTI length.
From the study of [1], we observe that control overhead in a short TTI may be a critical issue due to fewer resources in a short TTI compared to legacy TTI. Hence, control overhead for resource allocation of short TTI length shall be carefully designed.
Resource allocation of short TTI through RRC signaling can effectively reduce control overhead and enhance downlink spectrum efficiency. However, RRC signaling is semi-static and cannot adapt to current traffic amount. For example, if number of short TTI capable UEs change dramatically, resource allocation of short TTI(s) through RRC signaling may degrade spectrum efficiency due to unused reservation or may be insufficient for more short TTI capable UEs.
The other way to reduce control overhead is through slow DCI(s) which is transmitted from the beginning of a subframe and indicates resource allocation of short TTI(s) in the subframe. Furthermore, there are three resource allocation types in legacy LTE. Type 0/1 is a bit-map method proportional to downlink bandwidth resulting in 
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bits and type 2 has lower overhead through limiting resource allocation flexibility. If downlink bandwidth is 100 PRBs, there are 25 bits in a DCI indicating resource allocation of one short TTI length. It seems inadequate for type 0/1 to have a larger payload size.
Proposal 1: Adopt type 2 for indicating resource allocation of short TTI(s).

Although one DCI for one short TTI is an intuitive and simplified way, more possible short TTIs result in more control overhead. Therefore, we propose that resource allocation of multiple short TTIs is indicated in a DCI. Furthermore, resource allocation field in the DCI can indicate resource allocation for multiple contiguous clusters. In addition, it’s necessary to distinguish resource allocation for different downlink short TTI from multiple contiguous clusters e.g. via scrambled with different RNTI, via increasing one bit in above contents which is proposed from [5], or via predefined mapping relationship between resource allocation of one short TTI length and one cluster which occupies lower frequency range.
Contents in DCI are FFS. But, based on [4], some contents are assumed and exemplified as below. Suppose that the eNB sends DCI(s) for two short TTIs when FDD, downlink system bandwidth of 100 PRBs, and resource allocation type 2 is assumed.
	A first DCI for a first short TTI and a second DCI for a second short TTI
	A DCI for two short TTIs

	· CIF 3 bits
· Resource allocation field 13 bits
· Base MCS 4 bits/ MCS 5bits
· Precoding information 0, 3, 6 bits
· TPC 2 bits
· Cyclic shift for DMRS 3 bits
· CRC 16 bits
(48 bits in the first DCI for the first short TTI)
	· CIF 3 bits
· Resource allocation field 14 bits
· Base MCS 4 bits/ MCS 5 bits

· Precoding information 0, 3, 6 bits
· TPC 2 bits

· Cyclic shift for DMRS 3 bits
· CRC 16 bits
(49 bits in the DCI for two short TTIs)

	· CIF 3 bits
· Resource allocation field 13 bits
· Base MCS 4 bits/ MCS 5bits
· Precoding information 0, 3, 6 bits
· TPC 2 bits
· Cyclic shift for DMRS 3 bits
· CRC 16 bits
(48 bits in the second DCI for the second short TTI)
	· 


Table 1 Example of resource allocation of two short TTIs indicated in different methods
From Table 1, we can see that the left method needs 96 bits for two downlink short TTIs, but the right takes 49 bits. The right method results in less control overhead. On the other hands, the right method cannot provide proper control information for each short TTI since it has only one DCI. For fields other than resource allocation, we think using common values in the right method is enough. But, if there is a need to have separate values for two short TTIs, additional fields can be introduced.
Proposal 2: It’s suggested to indicate resource allocation of two downlink short TTIs in a DCI.
3. Conclusion

In this contribution, we discuss on resource allocation of two downlink short TTI lengths considering DCI overhead. Based on the discussion, we have following proposals:
Proposal 1: Adopt type 2 for indicating resource allocation of short TTI(s).

Proposal 2: It’s suggested to indicate resource allocation of two downlink short TTIs in a DCI.
4. Reference

1. 3GPP TR 38.881 V14.0.0, Study on latency reduction techniques for LTE
2. 3GPP TSG RAN WG1 Meeting #86bits RAN1 Chairman’s Notes
3. 3GPP TSG RAN WG1 Meeting #86 RAN1 Chairman’s Notes
4. R1-166309, DL Design for Shortened TTI, Qualcomm Inc
5. R1-167082, On two-level DL control channel design for shorter TTI operation, Nokia, Alcatel-Lucent Shanghai Bell
_1265392159.unknown

