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1 Introduction

In RAN1#84bis high level principles for scheduling sTTI were discussed with the following conclusion.

· Two-level DCI can be studied for sTTI scheduling, whereby:
· DCI for sTTI scheduling can be divided into two types:

· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy PDCCH, or sPDCCH transmitted not more than once per subframe

· FFS whether “Slow DCI” is UE-specific or common for multiple UEs

·  “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH

· For a sPDSCH in a given sTTI, the scheduling information is obtained from either:

· a combination of slow DCI and fast DCI, or

· fast DCI only, overriding the slow DCI for that sTTI

· Compare with single-level DCI carried on one sPDCCH or one legacy PDCCH.

· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.

· Methods for reducing the overhead of single-level DCI can also be studied

· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included

Aim to reduce the number of schemes under consideration at RAN1#85.

In this contribution, we discuss the different methods for scheduling sTTI, and conclude on the most favorable solution.
2 Discussion

2.1 Comparison of methods for scheduling sTTI
Two main methods are discussed below: single level DCI and two-level DCI.
2.1.1 Single level DCI 
Within a single level DCI means transmitting most transmission parameters in one DCI for each scheduled sTTI. This is similar to today’s DCI sent on PDCCH.
Single level DCI thus contains information related to resource allocations such as carrier indicator, resource allocation type and resource block allocation. Other information are related to reference signals and data transmissions such as modulation and coding scheme (MCS), new data indicator (NDI), cyclic shift (CS) of the uplink demodulation reference signals (DMRS), precoding information and transmit power control (TPC). A third category of information is related to channel sounding and control such as SRS request, CSI request, UL index (for TDD), and DCI format 0/1A indication (only in DCI format 0 and 1A). In total, this information sum up to about 70 bits for a DL allocations and more than 50 bits for an UL grant (based on DCI format 2D and 4 respectively with an FDD system allocation of 20 MHz, see Table 1 and Table 2). Some of these information fields might be removed for short TTI operations while other additional fields might be needed, see detailed discussion in previous paper [1]. Out of these bits, approximately 25 bits are used for the resource allocation in downlink allocations and 13 bits for the uplink grant, for a system bandwidth of 20 MHz (i.e. 100 RBs). With a system bandwidth of 10 MHz (50 RBs), the downlink resource allocation requires 17 bits (with P=3) and 11 bits for an uplink grant.
Table 1 Examples of downlink bit fields within DCI for short TTI
	Field
	Number of bits
	Comments

	Resource block assignment DL
	25

	According to 3GPP TS 36.212 section 5.3.3.1.5
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 resource blocks.

	TPC for (s)PUCCH 
	2
	

	HARQ process ID
	3
	8 processes

	Precoding and layer information
	3
	

	MCS
	2x5
	2 Transport blocks

	NDI
	2x1
	2 Transport blocks

	RV
	2x2
	2 Transport blocks

	QCL
	2
	

	CRC
	16
	

	Total
	67
	


Table 2 Examples of uplink bit fields within DCI for short TTI

	Field
	Number of bits
	Comments

	Resource block assignment UL
	13

	According to 3GPP TS 36.212 section 5.3.3.1.1
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 resource blocks.

	TPC 
	2
	

	Cyclic shift of DMRS
	3
	

	CSI request
	2
	

	SRS request
	2
	

	MCS+RV

	2x5
	2 Transport blocks

	NDI
	2x1
	2 Transport blocks

	Precoding and layer information
	3
	

	CRC
	16
	

	Total
	53
	


The downlink allocation needs to be transmitted for each sTTI with a single level DCI. Assuming 6 sTTIs of 2 symbols in a sub-frame, the number of bits used for downlink frequency allocations equals 6*25=150 bits. If the same frequency allocation is used for all downlink transmissions with sTTI within a sub-frame, the same information is then basically transmitted 6 times. 
In the same manner, the uplink frequency grant needs to be transmitted for each uplink sTTI, with a single level grant. Here, there might be up to 8 sTTIs of 2 symbols in uplink within a sub-frame such that the number of bits for the uplink frequency allocation equals 8*13 = 104 bits with a single level DCI. Compare this to the 13 bits needed in case the uplink frequency allocation is transmitted once in each sub-frame.
Observation 1  With a single level DCI for sTTI operation, the overhead becomes large due that the same information is transmitted multiple times
2.1.2 Two-level DCI
The basic intention with two-level DCI is to reduce the control information sent in each sTTI to limit the control overhead. Some of the transmission parameters can be transmitted once per subframe in a slow DCI while the remaining transmission parameters are updated in every sTTI in a fast DCI mapped to sPDCCH. Consequently, the content of the slow DCI applies to more than 1 sTTI and can be carried on PDCCH, while the content of the fast DCI applies to a specific sTTI and is carried on sPDCCH.
Within this section, the function and content of the slow and fast DCIs are discussed.
2.1.2.1 Overhead reduction with two-level DCI

In the conclusions made during RAN1#84bis, two possibilities for obtaining the scheduling information of a sPDSCH in a given sTTI are mentioned:
•
a combination of slow DCI and fast DCI, or

•
fast DCI only, overriding the slow DCI for that sTTI
The second variant is based on fast DCI only that overrides the slow DCI. This means that both slow and fast DCI contain the same information, the fast DCI being an update of the slow DCI. Since all the content of the slow DCI is repeated in the fast DCI, the benefit of this variant in terms of overhead reduction is unclear. If the scheduling information is obtained from fast DCI only, the fast DCI contains the same information as a single level DCI, say n bits. If there are x sTTIs in a subframe, this variant leads to (x + 1) ( n bits overall for the overhead due to slow and fast DCI in a subframe, while the single level DCI requires x(n bits. 
In terms of control overhead reduction, it is more beneficial to have complementary slow and fast DCI with as few as possible redundant fields between them. However, it could be considered to update certain fields of the slow DCI in the fast DCI if this is shown to be beneficial. Thus, a more relevant variant for obtaining the scheduling information of a sPDSCH in a given sTTI is to combine the information of slow DCI and fast DCI, where the fast DCI may partly override the information of the slow DCI. 
Proposal 1 Slow DCI and fast DCI have as few as possible redundant fields.
2.1.2.2 Time indication of slow DCI

In [2] the slow DCI is used to schedule users in all sTTIs of a subframe in advance and the fast DCI is used to update certain transmission parameters like MCS. So, the slow DCI fixes the scheduling decisions for all sTTIs of the entire subframe. Settling the scheduling decisions for sTTI only once per subframe should be avoided as it has negative impact on latency of short TTI users mainly for two reasons. First, a retransmission may be needed during the subframe but all sTTIs are already scheduled potentially for other UEs. Second, traffic for a non-scheduled UE may arrive in the middle of the subframe, but all sTTIs are already scheduled for other UEs. In both cases, the latency of the considered UE increases despite the usage of short TTIs.
To maintain the latency benefits of sTTI, it is recommended that only information that is not fundamentally UE-specific is transmitted in slow DCI. One example is the frequency allocation which does not need to be changed more often than once per subframe. It is up to the eNB to reserve sufficient bandwidth for sTTI operation at the beginning of the subframe to meet the need of active sTTI UEs. Another example of information that could be included in the slow DCI is the sTTI length for the current subframe, for downlink, uplink or both. 
Proposal 2 Slow DCI includes at least frequency information for sPDSCH in the downlink subframe where slow DCI is transmitted and frequency information for sPUSCH in an later uplink subframe compared to when slow DCI is transmitted
Including information that is not UE-specific in the slow DCI has the additional advantage that slow DCI can be mapped to the common search space of PDCCH. The slow DCI should thus be addressed to all UEs configured with sTTI operation. Thus, it is possible to schedule a sTTI UE at the earliest sTTI following a sudden arrival of data for this UE in the middle of a subframe, since the UE has already decoded the slow DCI. For uplink, a UE which transmits a Scheduling Request (SR), can either be given an uplink grant for legacy PUSCH or an sPUSCH. If the UE is configured for sTTI operation, it is decoding the slow DCI before, or at least in the sub-frame after, the SR, such that it is prepared for receiving a fast DCI with sPUSCH grant.
Observation 2 In case of sudden arrival of data in the middle of a subframe, the two-level DCI scheduling method supports fast scheduling of a UE already configured for sTTI operation. 
Proposal 3 Slow DCI is only sent in CSS on PDCCH
In the conclusions made during RAN1#84bis (see section 1), the possibility to send the slow DCI on sPDCCH is listed. Sending slow DCI on sPDCCH means that slow DCI can be sent on a sTTI scale. This contradicts the original intention of two-level DCI, where some transmission parameters included in a slow DCI would be transmitted on a slow scale to reduce control overhead.
Multi-sTTI scheduling was mentioned as one possibility in RAN1#84bis discussions. Although multi-sTTI scheduling may have some benefit in terms of reduced control overhead, it limits the possibility to adapt the scheduling decisions on a short scale. So, it may not be of great utility if sTTI is used for time-critical traffic. On the other hand, multi-sTTI scheduling may be useful in case of FS2 where few DL sTTIs could schedule a larger number of UL sTTI.
Observation 3 Multi-sTTI scheduling limits the possibility to adapt the scheduling decisions on a short scale but may be needed in case of FS2 

2.1.3 Comparison of single-level DCI and two-level DCI
The number of bits in the DCIs within a sub-frame will be quite large if a DCI is transmitted in each sTTI. For example, with a sTTI of 2 symbols we can fit 6 sTTIs in downlink within one sub-frame, if the PDCCH is allocated to 2 OFDM symbols. The number of bits to be transmitted is thus more than 6*70 = 420 bits. If instead some bits are transmitted in a common slow DCI, e.g. the downlink frequency allocation of 25 bits with a CRC of 16 bits, the total number of bits will be 25+16+6*(70-25) = 311 bits, which is a reduction with 25%. 
To reduce the overhead of the DCI(s) for sTTI, the resolution of the downlink frequency allocation can be reduced by increasing the RBG size (see [3] section 7.1.6.1). If the number of bits for the downlink frequency allocation is reduced with 10 bits from 25 bits to 15 bits for instance, the number of bits to be transmitted per subframe for the single level DCI is thus more than 6*(70-10) = 360 bits. For the two-level DCI the total number of bits will be 15+16+6*(70-25) = 301 bits, which is a reduction with 16%.
For uplink we might be able to fit up to 8 sTTIs, such the number of bits to be transmitted is approximately 8*50 = 400, with one DCI per sTTI. With a common DCI for all these uplink sTTIs with e.g. the uplink grant of 13 bits and a CRC which is common with the slow DCI carrying the DL grant, we only need to transmit 13+8*(50-13) = 309 bits, a reduction with 23%. See also [1] which includes a detailed discussion of possible bit fields to be included in fast and slow DCIs.

3 Conclusion

In section 2 we made the following observations:
Observation 1
With a single level DCI for sTTI operation, the overhead becomes large due that the same information is transmitted multiple times
Observation 2
In case of sudden arrival of data in the middle of a subframe, the two-level DCI scheduling method supports fast scheduling of a UE already configured for sTTI operation.
Observation 3
Multi-sTTI scheduling limits the possibility to adapt the scheduling decisions on a short scale but may be needed in case of FS2


Based on the discussion in section 2 we propose the following:
Proposal 1
Slow DCI and fast DCI have as few as possible redundant fields.
Proposal 2
Slow DCI includes at least frequency information for sPDSCH in the downlink subframe where slow DCI is transmitted and frequency information for sPUSCH in an later uplink subframe compared to when slow DCI is transmitted
Proposal 3
Slow DCI is only sent in CSS on PDCCH
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