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1 Introduction

In the RAN#67 meeting, the Study Item on “Study on Latency reduction techniques for LTE” was approved [1]. For RAN1, TTI shortening and reduced processing times should be studied and documented:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);

In RAN1#84b meeting, it was agreed that

· sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.

· Each short TTI on DL may contain sPDCCH decoding candidates.
· Working Assumption:

· CRS-based sPDCCH is recommended to be supported 

· FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 

· DMRS-based sPDCCH is recommended to be supported 

· Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further. 
· A maximum number of BDs will be defined for sPDCCH in USS

· In case 2-level DCI is adopted, any DCI for sTTI scheduling carried on PDCCH may be taken into account in the maximum total number of BDs 

· FFS whether the maximum number is dependent on the sTTI length

· FFS whether the maximum number of blind decodes for (E)PDCCH is reduced in subframes in which the UE is expected to perform blind decodes for sPDCCH

· FFS whether a UE may be expected to monitor both EPDCCH and sPDCCH in the same subframe

· FFS whether the maximum number of BDs on PDCCH is changed from the legacy number

·  if DCI on PDCCH is for sTTI scheduling

In this contribution, we will mainly discuss PDCCH design for short TTI.
2 PDCCH for short TTI

In RAN1#84b meeting, it was agreed that sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI. Note that sPDCCH described in this paper is applied for FDD and TDD.

2.1 sPDCCH monitoring region
Considering backwards compatibility, legacy DL control region always exists, which consists of 
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 available CCEs and is placed in the first one, two or three symbols. To reduce control overhead, within the first N (e.g. 2, 4) symbols of a subframe, CRS-based sPDCCH can be monitored in the legacy DL control region, which means CRS-based sPDCCH can be formed by several legacy CCEs of  
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 available CCEs. Since 1, 2 or 3 PDCCH symbols can be configured, three possible cases are given:
· As shown in Figure 1(a), CRS-based sPDCCH in legacy DL control region is used to schedule sPDSCH of UE2 in sTTI0.

· As shown in Figure 1(b), CRS-based sPDCCH in legacy DL control region is used to schedule sPDSCH of UE2 in sTTI1.  
· As shown in Figure 1(c), CRS-based sPDCCH in legacy DL control region is used to schedule sPDSCH of UE2 in sTTI1.
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Figure 1 sPDCCH monitored in the legacy PDCCH region
Proposal 1: Within the first N symbols of a subframe, CRS-based sPDCCH formed by several legacy CCEs is monitored in the legacy DL control region. FFS on the value of N, e.g. 2, 4.
In RAN1#84b meeting, both CRS-based sPDCCH and DMRS-based sPDCCH were recommended to be supported. Therefore, within the symbols except the first N (e.g. 2, 4) symbols, either CRS-based sPDCCH or DMRS-based sPDCCH is configured via higher layer signaling.
For sPDCCH within the sTTIs except the first M sTTIs in a subframe, new sPDCCH monitoring region needs to be defined 
· For fast sPDCCH decoding and sPDSCH demodulation, both CRS-based sPDCCH and DMRS-based sPDCCH should be placed in the first symbol or two symbols of each sTTI. 

· Frequency resource for sPDCCH monitoring region can be informed by eNB, so the unused resources can be reallocated for sPDSCH. 
Proposal 2: For sPDCCH within the sTTIs except the first M sTTIs in a subframe, either CRS-based sPDCCH or DMRS-based sPDCCH is configured.

· Both CRS-based sPDCCH and DMRS-based sPDCCH should be placed in the first symbol or two symbols of each sTTI.
· Frequency resource for sPDCCH monitoring region can be informed by eNB.
2.2 Self-contained sPDCCH region vs. shared sPDCCH region
· Self-contained sPDCCH region
It means a sPDCCH is always included in its scheduled sPDSCH. As shown in Figure 2, no matter whether a sPDCCH is localized or distributed, the sPDCCH is always included in its scheduling sPDSCH.
If there is no sPDSCH but UL Grant needs to be transmitted, some DL resources may be empty as shown in Figure 1. Therefore, how to carry UL Grant without sPDSCH can be further studied if resource waste is proved obviously.

Without considering UL Grant, there is no resource waste since no resource is reserved for a sPDCCH when there is no sPDSCH scheduled. Therefore, self-contained sPDCCH may be considered at least for 4(3)-symbol TTI and 2-symbol TTI.
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Figure 2 Self-contained sPDCCH region
· Shared sPDCCH region

It means sPDCCH region is shared by a group of UEs which is the same as legacy PDCCH region. Frequency resources for sPDCCH region can be configured by eNB. Considering backwards compatibility, sPDCCH region should not occupy the PRBs reserved for 1ms TTI. As shown in Figure 3, for different TTI length, different frequency resources for sPDCCH region can be configured. 
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Figure 3 Shared sPDCCH region 
Proposal 3: Self-contained sPDCCH region and shared sPDCCH region can be further studied.
2.3 CCE size
Similar to legacy PDCCH, a sPDCCH is aggregated by a certain number of CCEs. On CCE size, there are two alternatives: 
· Alt.1: a CCE consists of 3 sREGs wherein a sREG consists of 1 symbol in the time domain and 12 consecutive subcarriers in the frequency domain.
These 3 sREGs can be localized or distributed which can be configured by eNB. For example, with aggregation level 1 or 2, localized CCE can be configured to achieve frequency selective scheduling gain; with aggregation level 4 or 8, distributed CCE can be configured to achieve frequency diversity gain.
It is possible that the REs for DL DMRS and/or CRS are included in these 3 sREGs, the number of effective REs for a CCE may be less than 36 REs. Since the payload size of a DCI carried on sPDCCH is less than that on legacy PDCCH, a CCE with fewer REs will not be a problem.
· Alt.2: a CCE consists of 36 REs without CRS and/or DMRS
Similar to legacy PDCCH, a CCE still consists of 36 RE. sPDCCH REs can be placed adjacent to CRS or DMRS, the decoding performance of sPDCCH can be further enhanced by better channel estimation. As shown in Figure 4, the REs of sPDCCH are placed adjacent to CRS.
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Figure 4 sPDCCH with distributed REs for 4(3)-symbol TTI
Proposal 4: a sPDCCH is aggregated by a certain number of CCEs where each CCE consists of 
· Alt.1: 3 localized or distributed sREGs wherein a sREG consists of 1 symbol in the time domain and 12 consecutive subcarriers in the frequency domain,or,
· Alt.2: 36 distributed REs without CRS and/or DMRS.
3 PDCCH blind decoding

To reduce sPDCCH processing time, sPDCCH blind decodes (BDs) in each sTTI should be as low as possible. In addition, to avoid additional UE capability requirement, it is better to keep the maximum PDCCH blind decodes (BDs) in a subframe almost the same as before. For example, the total number of maximum BD for PDCCH UESS and sPDCCH UESS within a subframe in one carrier is no more than 32 for UEs not supporting UL transmission mode 2 and 48 for UEs supporting UL transmission mode 2.

The maximum PDCCH BDs should be distributed in all sTTIs of a subframe. Assuming 32 maximum BDs for UESS, some examples are given:
· For 2-symbol TTI length, since there are 7 sTTIs at most in a subframe, so the maximum BDs in each sTTI can be 4 or 5. 
· For 3 or 4-symbol TTI length, since there are 4 sTTIs in a subframe, so the maximum BDs in each sTTI can be 8.

Proposal 5: the total number of maximum BD for USS in PDCCH and USS in sPDCCH within a subframe in one carrier is no more than X

· x =32 for UEs not supporting UL transmission mode 2;
· x =48 for UEs supporting UL transmission mode 2.
In [2], two-level DCI is discussed. If two-level DCI is adopted, some sPDCCH configuration information such as aggregation level (AL) and the position of sPDCCH search space can be signaled in slow DCI. It is assumed that AL of sPDCCH carrying slow DCI is not known to a UE, so the UE needs to blind decodes all possible ALs.  An example on the maximum BDs for sPDCCH UESS is shown in Table1. According to table 1, the total number of sPDCCH BDs in a subframe is 20, which means two-level DCI is beneficial for reducing sPDCCH BDs.
Table 1 sPDCCH BDs (2-symbol TTI)
	sTTI index
	Number of BDs
	Note

	sTTI 0
	8  
(for two slow DCIs-one for DL and one for UL)
	· Slow DCI can indicate initial transmission and retransmission;
· AL of sPDCCH carrying Slow DCI is unclear.

	sTTI 1/ 2/3/4/5/6
	2
 (for 2 fast DCIs - one DL assignment and one UL  Grant)
	· AL of sPDCCH carrying Slow DCI is indicated by slow DCI.


Observation 1: Two-level DCI is beneficial for reducing sPDCCH BDs.
4 Conclusion

In this paper, we discuss PDCCH design for short TTI and give our proposals.
Proposal 1: Within the first N symbols of a subframe, CRS-based sPDCCH formed by several legacy CCEs is monitored in the legacy DL control region. FFS on the value of N, e.g. 2, 4.
Proposal 2: For sPDCCH within the sTTIs except the first M sTTIs in a subframe, either CRS-based sPDCCH or DMRS-based sPDCCH is configured.

· Both CRS-based sPDCCH and DMRS-based sPDCCH should be placed in the first symbol or two symbols of each sTTI.
· Frequency resource for sPDCCH monitoring region can be informed by eNB.
Proposal 3: Self-contained sPDCCH region and shared sPDCCH region can be further studied.
Proposal 4: a sPDCCH is aggregated by a certain number of CCEs where each CCE consists of 
· Alt.1: 3 localized or distributed SERGs wherein a SERG consists of 1 symbol in the time domain and 12 consecutive subcarriers in the frequency domain, or
· Alt.2: 36 distributed REs without CRS and/or DMRS.
Proposal 5: The total number of maximum BD for USS in PDCCH and USS in sPDCCH within a subframe in one carrier is no more than X

· x =32 for UEs not supporting UL transmission mode 2;
· x =48 for UEs supporting UL transmission mode 2.

Observation 1: Two-level DCI is beneficial for reducing sPDCCH BDs.
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