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Discussion and Decision
1. Introduction
At RAN1 meeting #86, companies agreed that
· The DL sTTI length of a UE is indicated by eNB
· FFS details of configuration (based on RRC or PDCCH)
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .
· QPSK is used for sPDCCH.
· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 
· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 
In this paper we address design of sPDCCH. Particularly, we discuss sPDCCH resource allocation within the sTTI, as well as definition of CCE and REG for sPDCCH or design of DMRS for control. In addition, the details of two-level control design for sTTI are presented in [1] and search space design for sTTI is discussed in [2].
2. On sPDCCH design  
At RAN1#86, some more detailed agreements on sPDCCH have so far been limited to CRS-based sPDCCH only, namely the sPDCCH to start in the first OFDM symbol of the sTTI, no overlap with legacy PDCCH as well as enabling eNB indication of the ‘frequency resources’ for sPDCCH. We think that all these agreements should be equally applicable also for DM-RS based sPDCCH and should be adopted accordingly. The differences between DM-RS based and CRS-based sPDCCH in the end could be 
· the number of sPDCCH symbols (FFS for both, TDM vs. FDM with sPDSCH) as well as 
· the indication/informing of sPDCCH  frequency resources by the eNB (again, depending on TDM vs. FDM of sPDSCH & sPDCCH).

Proposal-1: For DM-RS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 

In case of legacy PDCCH operation, PCFICH defines the number of OFDM symbols used for DL control on sub-frame bases. At RAN1#86, it was agreed that (at least for CRS based sPDCCH) the ‘frequency resource for sPDCCH can be informed by the eNB’ as well as ‘FFS number of OFDM symbols of the sPDCCH’. We think that this information is to be considered in a slightly wider scope as not just ‘frequency and time resources’ but overall the sPDCCH resources/region which can be expected by a UE in a sTTI. 

The informing could be either done by semi-static RRC configuration or dynamically by two-stage scheduling using a slow-DCI and fast-DCI as discussed in detail also in [1]. As also discussed in [1], the two-stage scheduling enables a dynamic adaptation on a subframe bases (as done by using PCFICH in legacy LTE) of the available sPDCCH resources, reducing the potential DL control overhead in the first step. The reduction of the overall sPDCCH resources in the first step reduces further the signaling overhead or improves signaling efficiency of unassigned control resources in the second step. 

The slow-DCI would define parameters of the sPDCCH for the sTTIs within the subframe. For example eNB can decide, given the size of available short TTI band and the number of active sTTI UEs, how many sPDCCH candidates for each AL it will configure. Additional sPDCCH parameters that could be indicated by slow-DCI are: 1) sPDCCH type (e.g. wide/narrow band – i.e. more TDM or more FDM type of sPDCCH/sPUSCH multiplexing, localized/distributed), 2) CRS/DM-RS demodulation of sPDCCH (if needed). As a consequence, eNB may select the best form of control channel for a given subframe and such reduce overall control overhead within the subframe. Fast DL user-specific DCI would contain indication about which resources of sPDCCH have been unassigned, and such further minimizing the control overhead on sTTI bases. Clearly, the smaller the sPDCCH in sTTI is, the less bits are required to signal the unassigned/free sPDCCH control resources. The search-space designs enabling efficient control resource reuse are discussed in our accompanying contribution [2]. 
Proposal-2: The slow DCI indicates sPDCCH type, applicable demodulation RS and/or size of the sPDCCH region applicable for sTTI operation within the subframe.
As a consequence of the above discussion, the sPDCCH does not have to span the whole informed frequency band and can grow also into the second or even third OS of sTTI. Therefore, the number of OFDM symbols as well as frequency resource containing sPDCCH depends on the amount of control resources eNB configures. In addition, the size of sPDCCH should be adjustable with finer granularity, such as sPDCCH candidate or CCE.
Proposal-3: The size of sPDCCH should be dynamically adjustable by the eNB and should be agnostic of the sTTI length. The sPDCCH should be adjustable with fine granularity, such as sPDCCH candidate or CCE.
On definition of REG and CCE for sPDCCH
The basic principles of control design were agreed in the previous meeting. The control is transmitted using QPSK and tail-biting convolution code is used. Therefore, similarly to legacy operation, the sTTI DCI formats could be placed on sPDCCH CCEs (sCCEs), i.e. resources of 36REs consisting of smaller continuous frequency chunks of sREGs. The reason why legacy operation operates on sREGs is frequency diversity, in terms of channel quality and interference. The other possibility is to define sREG as continuous chunk of 12REs, i.e. PRB. This resulting into smaller spread of CCEs across the sTTI band, making the control channel reuse more efficient on one side, on the other side, the frequency diversity gain will be compromised compared to 4RE sREG definition. Therefore, the performance of 12RE sREG and 4REsREG should be further studied.

Proposal-4: The sCCEs should consist of 36 REs and consist of sREGs distributed across the sPDCCH, the definition of sREG is FFS.

sPDCCH operating on CRS

The design of sPDCCH operating on CRS should follow the TDM approach, in order to minimize the processing delay. Therefore, the sPDCCH resources should be allocated starting from the first OFDM symbol (OS) of the sTTI, as agreed in the previous meeting. In addition, sPDCCH resources should be allocated within the smallest possible number of OFDM symbols. 
Proposal-5: For CRS-based sPDCCH, the sPDCCH resources should be allocated from the first OS and within the smallest possible number of OFDM symbols for all sTTI lengths, in order to minimize the processing delay.

This principle is illustrated in Figure 1, where 1-slot TTI is allocated within the first two OS of the sTTI band, and the first OS is fully filled with control resources. In the second OS where both data and control are multiplexed, the control resources do not have to be allocated in continuous manner. Contrary, it would be more beneficial to distribute them across the sTTI band to obtain the most of diversity gain. Similarly for the example of 2-OS TTI in Figure 1, the sPDCCH candidates are located in the first OS and multiplexing of data and control in the first OS is possible in case the sPDCCH resources do not fill the entire first OS of the 2-OS sTTI band.   
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Figure 1 Multiplexing of sPDSCH and CRS-based 
sPDCCH operating on DMRS
The design of sPDCCH operating on DM-RS requires additional considerations and may therefore be different from sPDCCH operating on CRS. This coming from the fact that additional DM-RS for sPDCCH demodulation (cDM-RS) need to be transmitted, causing additional overhead. 
To minimize overhead, cDM-RS based sPDCCH should be transmitted in narrower frequency resource compared to CRS base sPDCCH, and it may take advantage of precoding gain instead of frequency diversity. This resulting into sPDCCH design being more EPDCCH-like than PDCCH-like. The amount of OFDM symbols of DM-RS based sPDCCH could be fixed or pre-configured depending on the sTTI length, while the sPDCCH frequency allocation could depend on the needed sPDCCH control region size as indicated in the slow-DCI.
Alternatively, some cDM-RS ports of sPDCCH could be used for demodulation of sPDSCH and vice versa. In this case, the design of sPDCCH could be similar for both DM-RS and CRS, i.e. PDCCH-like. However, eNB would lose the possibility to select the preferred beamformer for control and/or data in case the sPDCCH within one user’s sPDSCH allocation is intended for a different user.  
Observation-1: sPDCCH operating on sPDCCH-specific DM-RS should be narrow-band to decrease the overhead of additional DM-RS, and it may take advantage of precoding gain.
Observation-2: When sPDCCH would be operating on sPDSCH-specific DM-RS, the eNB would lose the possibility to select the preferred beamformer for control and/or data in case the sPDCCH within one user’s sPDSCH allocation is intended for a different user.
As a consequence of above discussion we see three possible configurations for sPDCCH on DMRS:
1. TDM: the sPDCCH resources are allocated from the first OS of the sTTI within the smallest possible number of OFDM symbols – this is the same for CRS-based sTTI in Figure 1. However due to large addtional overhead of cDMRS and the DM-RS sharing with sPDSCH, this is not a preferred option for DMRS-based sPDCCH.
2. FDM: the sPDCCH resources are allocated over the all OS and within the smallest possible frequency allocation – this option is illustrated in the right part of Figure 2. Such sPDCCH configuration is suitable for 2OS sTTI, where additional processing delay of 1OS is insignificant, while DMRS and cDMRS overhead is large. For longer sTTI lengths such as the 1-slot TTI this seems to be not the appropriate solution, as this will result in additional delay of up to 6OS for the 1-slot sTTI. Allocating the sPDCCH in the minimum possible frequency band minimizes the additional overhead of cDMRS.
3. TDM+FDM: the sPDCCH resources are allocated from the first OS up to a defined OS within the smallest possible frequency allocation – this option is illustrated in the left part of Figure 2 for the 1-slot sTTI, where the number of sPDCCH OFDM symbols is fixed to three, being a compromise solution between overhead of cDMRS, the needed DM-RS sharing with sPDSCH and processing latency. This option is suitable for 1-slot TTI, where additional latency of 2OS is insignificant compared to the sTTI length, and the additional cDMRS overhead is kept low.

Proposal-6: For 2OS sTTI using DMRS-based sPDCCH, sPDCCH is FDM multiplexed with sPDSCH (similar to EPDCCH) and is allocated over the all OS and within the smallest possible frequency allocation.
Proposal-7: For 1-slot sTTI using DMRS-based sPDCCH, sPDCCH is TDM+FDM multiplexed with sPDSCH and is allocated from the first OS up to a defined OS within the smallest possible frequency allocation. The length of the sPDCCH region in number of OS is FFS.
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Figure 2 Multiplexing of sPDSCH and DMRS-based sPDCCH
3. Summary
Based on the discussion in this contribution, we have the following observations and proposals:

Proposal-1: For DM-RS-based sPDCCH, 

· In time domain,

· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB. 

Proposal-2: The slow DCI indicates sPDCCH type, applicable demodulation RS and/or size of the sPDCCH region applicable for sTTI operation within the subframe.
Proposal-3: The size of sPDCCH should be dynamically adjustable by the eNB and should be agnostic of the sTTI length. The sPDCCH should be adjustable with fine granularity, such as sPDCCH candidate or CCE.
Proposal-4: The sCCEs should consist of 36 REs and consist of sREGs distributed across the sPDCCH, the definition of sREG is FFS.

Proposal-5: For CRS-based sPDCCH, the sPDCCH resources should be allocated from the first OS and within the smallest possible number of OFDM symbols for all sTTI lengths, in order to minimize the processing delay.
Observation-1: sPDCCH operating on sPDCCH-specific DM-RS should be narrow-band to decrease the overhead of additional DM-RS, and it may take advantage of precoding gain.
Observation-2: When sPDCCH would be operating on sPDSCH-specific DM-RS, the eNB would lose the possibility to select the preferred beamformer for control and/or data in case the sPDCCH within one user’s sPDSCH allocation is intended for a different user.
Proposal-6: For 2OS sTTI using DMRS-based sPDCCH, sPDCCH is FDM multiplexed with sPDSCH (similar to EPDCCH) and is allocated over the all OS and within the smallest possible frequency allocation.
Proposal-7: For 1-slot sTTI using DMRS-based sPDCCH, sPDCCH is TDM+FDM multiplexed with sPDSCH and is allocated from the first OS up to a defined OS within the smallest possible frequency allocation. The length of the sPDCCH region in number of OS is FFS.
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