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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 contribution, we address design of sPDCCH. Particularly, we discuss configuration of sPDCCH resources in time and frequency, as well as definition of short CCE and short REG within the sPDCCH. In addition, we discuss the user-specific search-space design in sPDCCH. 
2. On sPDCCH length
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. 

sPDCCH operating on CRS

The design of sPDCCH operating on CRS should follow the TDM approach, in order to minimize the processing delay. Therefore, sPDCCH resources should be allocated within the smallest possible number of OFDM symbols. 
Observation-1: In order to minimize the processing delay, the sPDCCH resources should be allocated from the first OS and within the smallest possible number of OFDM symbols for all sTTI lengths.

On the other hand, coexistence of slot-based and 2OS sPDCCH with sPDSCH and legacy PDSCH within the same system bandwidth should be as well taken into account when designing the sPDCCH. Therefore, the sPDCCH should be allocated as narrow as possible to allow efficient multiplexing of these physical channels in frequency.

Observation-2: In order to allow for efficient multiplexing of 2-OS and slot-based sPDCCH with legacy PDSCH, the sPDCCH resources should be allocated in narrowest band possible.
Therefore, we believe that 2-OS sPDCCH resources should be confined within at most 2 OS. This being a good compromise between latency and scheduling flexibility. The number of OFDM symbols could be higher-layer configured. For slot-based sTTI the sPDCCH could span up to 3OS, as the UE processing needs to be prepared anyway for 3OS long control region in the first slot. 
Proposal-2: The 2-OS sPDCCH operating on CRS is configured to span across 1 or 2 OS and the slot-based sPDCCH operating on CRS is configured to span across 1, 2 or 3OS. 

sPDCCH operating on DMRS
The design of sPDCCH operating on DM-RS requires additional considerations and therefore could be different from sPDCCH operating on CRS. This coming from the fact that the flexible/independent selection of the spatial precoders for sPDSCH and sPDCCH could be enabled by the transmission of additional DM-RS ports for sPDCCH demodulation. This increasing the RS overhead.
To minimize overhead, DM-RS for sPDCCH should be transmitted in narrower frequency resource compared to CRS based 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. In addition, to minimize overhead, the CDM-T OCC2 should be adopted. Therefore, we believe that 2OS sTTI sPDCCH would operate at its best if configured to span over 2 OS. However, the DMRS-based sPDCCH would be able to operate also when spanning only over a single OS, and demodulating sPDCCH and sPDSCH with the same set of ports. In other words, we think that 1-OS DMRS-based sPDCCH should not be precluded by the specification. Therefore, for DMRS based sPDCCH we propose the same type of configurability of the sPDCCH length as for CRS based sPDCCH:
Proposal-3: The 2-OS sPDCCH operating on DMRS is configured to span across 1 or 2OS and the slot-based sPDCCH operating on DMRS is configured to span across 1, 2 or 3OS. 
In case of slot-based sTTI, the RS overhead of additional DMRS ports for sPDCCH demodulation is not an significant issue. Moreover, if legacy DMRS ports are reused for slot-based sPDSCH, the DMRS ports and the sPDCCH will be transmitted in different OFDM symbols anyway. However, it is left for further study whether additional DMRS ports for 2-OS sPDCCH on top of the sPDSCH DM-RS ports should be supported. One way to support these additional control DMRS ports would be to enable more than 2 ports within the sTTI. However, we believe that the flexibility of selecting different spatial-precoder for sPDSCH and sPDCCH is not worth of additional overhead and therefore we have the following proposal:     
Proposal-4: For 2OS sTTI, two DMRS ports/layers with OCC2 in time are supported and shared by sPDCCH and sPDSCH.
3. On definition of short REG and short CCE  
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. RB. This resulting into smaller spread of CCEs across the sTTI band, this making the control channel reuse for data more efficient as well as making multiplexing of control channel with legacy traffic smoother. Obviously, the frequency diversity gain will be slightly compromised compared to 4RE sREG definition. Nevertheless, we see that the advantages of sREG=RB compared to sREG=4RE are bigger than disadvantages and therefore we have the following proposal.
Proposal-5: The sCCEs should consist of sREGs, where an sREG consists of 12 consecutive REs within a RB.

What remains still opened is how many sREGs would form a sCCE. One RB of an OFDM symbol may have variable number of available REs, ranging from 12REs when free of any reference signals, down to 8REs when CRS are present and even 4REs when CRS and 4layers of DMRS are present within OS, and here even omitting the possible CSI-RS and other reference signals present within the RB. This having significant impact on the coding rate of the transmitted DCI, which would have to be compensated by selection of larger aggregation level. Alternatively, a variable number N of sREGs, depending on the presence of RS overhead within OS, could define sCCE. However, this would complicate the mapping of sREGs to a sCCE unless the sCCE would be confined within a single OS.  
Observation-3: A variable number N of sREGs, depending on the presence of RS overhead within OS, could complicate the mapping of sREGs to a sCCE when the sCCE would not be present within a single OS.

We therefore propose to have the number of sREGs per sCCE independent of the RS overhead. Fixing the number of 3 or 4 could be either given by the specification directly or could be part of the sPDCCH RRC configuration for the UE. 
Proposal-6: The number N of sREGs forming sCCE should be equal to 3 or 4. The number N could be fixed in the specification or could be a part of the sPDCCH RRC configuration for the UE. 
4. On sPDCCH design and configuration  
In [1] we proposed that each UE is high-layer configured with a sPDCCH resource containing the sPDCCH candidates. In the following we will discuss how this sPDCCH resources should be configured and how the control resources (sREGs and sCCEs) within sPDCCH should be organized. 

Based on our discussion in Section 2, frequency multiplexing between legacy PDSCH and sPDCCH is beneficial, therefore we suggest that sPDCCH resources are configured to a UE by a single or multiple sPDCCH resource sets, each defined by a set of RBs and length in number of OFDM symbols. Each sPDCCH resource set can either contain localized or distributed sCCE(s). The localized sCCEs benefit from frequency selectivity, and distributed CCEs from frequency diversity. The sPDCCH resource sets can be configured independently to a UE (e.g. one localized set and one distributed set), and can be orthogonal, fully or partially overlapping depending on eNB configuration. However, we believe that an eNB would typically configure these sPDCCH resource sets orthogonally.  
Proposal-7: sPDCCH resources are configured to a UE as a single or multiple sPDCCH resource sets, each defined by a set of RBs and a length in number of OFDM symbols. The sPDCCH resource sets can be overlapping.
Proposal-8: Each of configured sPDCCH resource sets can contain either only distributed or only localized sCCEs. A UE can be configured with one sPDCCH resource set with localized CCEs and other sPDCCH resource set with distributed CCEs.
In legacy EPDCCH, an eNB may configure EPDCCH sets of a size of 1, 2, 4 or 8 PRBs. However, a sPDCCH resource set can be 7 or 14x shorter than the EPDCCH, and therefore the minimum configured bandwidth should increase compared to legacy. We propose that eNB shall not be allowed to configure control resource smaller than what a single sPDCCH resource set requires, and configuration should happen preferably in multiple of sCCEs. For example, if a sCCEs would consist of four sREGs and eNB configured a sPDCCH resource set of 12 RBs and 2OS, this sPDCCH resource set would accommodate search space of 6 non-overlapping sCCEs .
Observation-4:  A sPDCCH resource set consisting of 12RBs and 2OS could accommodate 6 non-overlapping sCCE, where each sCCE consists of 4 sREGs.
Next question to answer is how the RBs of sPDCCH resource sets should be configured to a UE. The PRB sets could be configured to a UE as arbitrary combination of RBs within the system bandwidth, as continuous blocks of RBs or even distributed RBs with fixed interlace pattern. In order to choose the best option, several aspects could be considered: 

· Multiplexing with legacy traffic: the PDSCH allocation could operate on RBGs, and therefore allocation of resources with RBG granularity would ease the coexistance with the legacy PDSCH.
· Signalling overhead: the RBs of a sPDCCH resource set need to be configured over higher layers, and signalling overhead could be minimized if PRB sets are configured with granularity larger than a RB. 
· Flexibility: eNB should have a possibility to configure a sPDCCH resource set to a UE within any resource of the system BW.
Observation-5: The RBs of a sPDCCH resource set could be configured with a resource allocation bitmap with a coarse resource allocation granularity, such as RBG. 
Having a sPDCCH resource configured in frequency and time, a UE has to know how the sREGs are mapped to sCCEs. 

Figure 1 illustrates 3 possible mappings of sREGs to localized sCCEs for a continuous sPDCCH resource set of 12 RBs and 2OS length. In this example a sCCE consists of 4 sREGs. sREGs of the same color form a sCCE. Note that the PRBs of an sPDCCH ressource set does not need to be physically continuous, as shown in Figure 1, but the RBs are flexibly configurable by the eNB. All patterns (loc-a) - (loc-c) could operate on CRS, while (loc-b) would be the most suitable pattern for DMRS operation, because only a single sCCE occupies one RB reducing the need for DM-RS sharing. In addition, time-first mapping of pattern (loc-b) is better from control resource reuse point of view, because it minimizes the number of sPDCCH candidates within the RB. In case the sPDCCH resource set spans over 2OS and RS overhead is unequal between the OSs, the hybrid pattern (loc-c) is better than the frequency-first mapping of (loc-a) as it averages the number of available sCCE REs. Considering an sPDCCH length of 1OS, the 3 different approaches (frequency-first, time-first or hybrid) will result in the same sREG/PRB to sCCE mapping.
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Figure 1 Possible mappings of sREGs to localized CCEs

Figure 2 illustrates 3 possible mappings of sREGs to distributed sCCEs for a continous sPDCCH resource set of 12 RBs and 2OS lengh. As in localized sCCE case, all pattern (dist-a) - (dist-c) could operate on CRS, while the time-first mapping of pattern (dist-b) would be the most suitable pattern for DMRS operation and control resource reuse. The hybrid pattern of (dist-c) compared to pattern (dist-a) would average /equalize the number of REs for each sCCE. What is different from the localized case is that the pattern (dist-b) has two times bigger interlace compared to (dist-a) and (dist-c). Again, for an sPDCCH length of 1OS, the approaches would lead to the same sREG to sCCE mapping.
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Figure 2 Possible mappings of sREGs to distributed CCEs
The pros and cons of patterns from Figure 1 and 2 are summarized in the Table1.
Table 1 Benchmarking the sREG to sCCE mapping patterns from Figure 1 and Figure 2

	Pattern
	FS gain
	Diversity gain
	CDM-T

DMRS pattern within a sCCE
	Reuse of control for data
	Averages RS overhead

	(loc-a)
	high
	poor
	
	moderate
	

	(loc-b)
	high
	poor
	x
	high
	

	(loc-c)
	high
	poor
	
	moderate
	x

	(dist-a)
	poor
	high
	
	poor
	

	(dist-b)
	moderate
	moderate
	x
	moderate
	

	(dist-c)
	poor
	high 
	
	poor
	x


As noted above, the selection of the possibly best sREG to sCCE mapping for localized & distributed type is depending on the maximum sPDCCH length (2 or 3OS), the number of PRBs per sREG (3 or 4), the demodulation reference signal type as well as tradeoff between performance and control reuse signaling. RAN1 can either decide to fix the sREG to sCCE mapping type in the specifications for localized & distributed sPDCCH types or alternatively make also the mapping configurable (together with the sPDCCH resource set & sPDCCH type).

Observation-6: Different sREG to sCCE mapping for localized and distributed sPDCCH type have different pros/cons depending on the number of sREGs per sCCE and the RS type used for demodulation. FFS if the mapping is fixed in the specification or higher-layer configurable.

5. On UEs search-space in sPDCCH
The sPDCCH resource is configured by higher-layers to a UE in a form of set or multiple sets of sPDCCH PRBs, as discussed above. The higher-layer configured control resource contains sCCEs which can be arranged to sPDCCH candidates. The information on how many candidates and with what aggregation level could be provided to UE by higher layers, and could be configured to a UE together with the set(s) of sPDCCH PRBs.        
Proposal-9: A UE configured with sPDCCH resource set(s) is also configured with a number of sPDCCH candidates for each aggregation level.
An eNB will be able to configure up to S candidates across all aggregation levels. While the S is FFS, we propose that at least aggregation levels of 1, 2 and 4 sCCEs are supported to enable operation in interference-limited environments. And, it should be left for further study whether other aggregation levels, such as 3 or 8 sCCEs, should be also supported. 
Proposal-10: Support at least aggregation levels of 1, 2 and 4 sCCEs. FFS on support of other aggregation levels.
The configured DCI candidates will be mapped on available CCEs. These candidates could be mapped in nested/overlapping manner, such as in legacy, or candidates could be non-overlapping. The mapping with non-overlapping candidates simplifies/makes more efficient the signalling of vacant control resources, because non-overlapping mapping minimizes the number of potential colliding candidates per frequency resource.  On the other hand, if UE’s sPDCCH resource would be smaller than resource needed for all configured candidates, some of the candidates would be blocked. One possible solution to this problem would be to assume that candidates are allocated non-overlapping, however, if sPDCCH resource is insufficient, then candidates can start to overlap in circular manner. This is illustrated in Figure 3, where 6 candidates are mapped on 8CCE available within sPDCCH.
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Figure 3 An example of candidate mapping to available CCEs in configured sPDCCH 
Proposal-11: Support a consecutive mapping of sPDCCH candidates (with increasing AL) to sCCEs in order to avoid overlaps.
5. 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. 

Observation-1: In order to minimize the processing delay, the sPDCCH resources should be allocated from the first OS and within the smallest possible number of OFDM symbols for all sTTI lengths.

Observation-2: In order to allow for efficient multiplexing of 2-OS and slot-based sPDCCH with legacy PDSCH, the sPDCCH resources should be allocated in narrowest band possible.
Proposal-2: The 2-OS sPDCCH operating on CRS is configured to span across 1 or 2 OS and the slot-based sPDCCH operating on CRS is configured to span across 1, 2 or 3OS. 

Proposal-3: The 2-OS sPDCCH operating on DMRS is configured to span across 1 or 2OS and the slot-based sPDCCH operating on DMRS is configured to span across 1, 2 or 3OS. 
Proposal-4: For 2OS sTTI, two DMRS ports/layers with OCC2 in time are supported and shared by sPDCCH and sPDSCH.
Proposal-5: The sCCEs should consist of sREGs, where an sREG consists of 12 consecutive REs within a RB.

Observation-3: A variable number N of sREGs, depending on the presence of RS overhead within OS, could complicate the mapping of sREGs to a sCCE when the sCCE would not be present within a single OS.

Proposal-6: The number N of sREGs forming sCCE should be equal to 3 or 4. The number N could be fixed in the specification or could be a part of the sPDCCH RRC configuration for the UE. 

Proposal-7: sPDCCH resources are configured to a UE as a single or multiple sPDCCH resource sets, each defined by a set of RBs and a length in number of OFDM symbols. The sPDCCH resource sets can be overlapping.

Proposal-8: Each of configured sPDCCH resource sets can contain either only distributed or only localized sCCEs. A UE can be configured with one sPDCCH resource set with localized CCEs and other sPDCCH resource set with distributed CCEs.
Observation-4:  A sPDCCH resource set consisting of 12RBs and 2OS could accommodate 6 non-overlapping sCCE, where each sCCE consists of 4 sREGs.

Observation-5: The RBs of a sPDCCH resource set could be configured with a resource allocation bitmap with a coarse resource allocation granularity, such as RBG. 

Observation-6: Different sREG to sCCE mapping for localized and distributed sPDCCH type have different pros/cons depending on the number of sREGs per sCCE and the RS type used for demodulation. FFS if the mapping is fixed in the specification or higher-layer configurable.

Proposal-9: A UE configured with sPDCCH resource set(s) is also configured with a number of sPDCCH candidates for each aggregation level.
Proposal-10: Support at least aggregation levels of 1, 2 and 4 sCCEs. FFS on support of other aggregation levels.
Proposal-11: Support a consecutive mapping of sPDCCH candidates (with increasing AL) to sCCEs in order to avoid overlaps.
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