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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. In the RAN1#85 meeting, it was agreed that [2]:
· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH

· Details are for further study, e.g., FFS whether unused resources is  RB or RE level
In the RAN1#89 meeting, the following agreements and work assumption on sPDCCH were achieved: 
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set

· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)

· SFBC is supported for CRS-based sPDCCH

· FFS number of antenna ports

· Single port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

· FFS if two port DMRS-based sPDCCH demodulation is supported

· FFS bundling size

The contribution mainly discusses utilizing the unused sPDCCH resources for sPDSCH transmission, mainly focuses on how to indicate used or unused sPDCCH resources to a UE. In addition, sharing the same DMRS REs between sPDCCH and sPDSCH is also discussed in this contribution.
2 Discussion on utilizing unused sPDCCH resource for sPDSCH  
sPDCCH RB set(s) would be configured and/or indicated to a UE by higher layer. Same sPDCCH RB set could be shared by different UEs. As shown in Figure 1 and discussed in [3], the time and frequency resource for a RB set can be configured flexibly. Therefore, the sPDCCH RB set(s) would be multiplexed with sPDSCH region in an FDM and/or TDM manner. To utilize the resources that are left unused by any sPDCCH for sPDSCH transmission, either the used sPDCCH resources or unused sPDCCH resources within the configured sPDCCH RB set(s) can be indicated to a UE. In addition, frequency resources for sPDSCH should be allocated dynamically to avoid scheduling restriction. 
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Figure 1. Illustrations of contiguous and non-contiguous sPDCCH RB sets
Proposal 1: Either used or unused sPDCCH resources within the configured sPDCCH RB set(s) needs to be indicated to a UE for utilizing unused sPDCCH resource for sPDSCH transmission.
Furthermore, sPDCCH RB set is configured semi-statically, so the resources not overlapped with sPDSCH may not be suitable for sPDSCH transmission which is scheduled with specific MCS, RBs and precodings. Therefore, it is reasonable that only unused sPDCCH resources within the recourses configured for sPDSCH can be utilized.
Proposal 2: sPDSCH assigned by an sPDCCH can be mapped to unused sPDCCH resources within the resources assigned for the sPDSCH.
Based on the contributions submitted for the previous meetings, we could see that explicit indication of used or unused sPDCCH resources is proposed by almost all the companies. Detailed schemes corresponding to explicit indication are discussed below. 
2.1 Enabling or disabling explicit indication in DCI via higher layer
If explicit indication is used, the used or unused sPDCCH resources are indicated by explicit signaling (e.g. sDCI). As a tradeoff between sPDCCH overhead and sDCI performance, eNB can configure whether the indication field exists or not in sDCI via higher layer signaling. There are two possible applicable scenarios:

· Scenario 1: If there is a few of UEs, dedicated sPDCCH RB set can be configured, i.e. for an sPDCCH RB set configured for a given UE, at most its DL assignment and UL grant can be configured. In this case, no DCI bit is needed to indicate the unused sPDCCH resource since the UE can know the used sPDCCH resources via sPDCCH blind decoding. If there are a lot of UEs, multi-user DCIs can be configured in a RB set. Then eNB can configure the indication field in sDCI and then UE will confirm the available sPDSCH resources according to the sDCI.
· Scenario 2: If DL traffic is light, which means sPDCCH overhead is not a problem. At this time, to reduce sDCI bits and improve sDCI performance, eNB can configure no indication field in sDCI and then UE will assume no resources within the sPDCCH RB set(s) will be used for sPDSCH transmission. Otherwise, eNB can configure the indication field in sDCI and then UE will decode sPDSCH according to the sDCI.
Proposal 3: If explicit indication is supported for indicating used or unused sPDCCH resources, whether it is enabled or not can be configured by higher layer.

· If enabled, a field in sDCI would be used to indicate the used or unused sPDCCH resources
· If disabled, there is no field in sDCI would be used to indicate the used or unused sPDCCH resources and two mechanisms can be further studied
· Mechanism 1: For a UE, the resources of sPDCCH RB set except resources occupied by its DL assignment and/or UL grant can be regarded as unused sPDCCH resources, or

· Mechanism 2: For a UE, no resources of sPDCCH RB set will be used for sPDSCH transmission.
2.2 Schemes on explicit indication
As to explicit indication, there are many different candidate schemes. Some main candidate schemes are discussed below:
· Scheme 1: Indicating the last used sCCE with contiguous sCCE allocation
The occupied sCCEs in an sPDCCH RB set are continuously allocated. To reduce DCI overhead, the occupied sCCEs can start from sCCE 0, so only the last sCCE needs to be indicated. As shown in Figure 2, if there are 16 sCCEs within the sPDCCH RB set, at most 4 bits are needed to indicate the occupied sCCEs. REs for the remaining sCCE can be used for sPDSCH transmission. With scheme 1, multiple UEs can be configured with the same sPDCCH search space. 
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Figure 2. Example of indication of the last used sCCE in the sPDCCH monitoring region 

· Scheme 2: Indicating the last used sCCE in each sCCEG, assuming M sCCE groups (sCCEGs) within an sPDCCH RB set and contiguous sCCE allocation in each sCCEG
An sPDCCH RB set consists of M sCCEGs, where each UE is allocated one sCCEG to reduce the number of blind decodes. In each sCCEG, the occupied sCCEs are continuously allocated and the last occupied sCCE for each sCCEG is indicated via sDCI.

For example, assuming each sCCEG has 8 sCCEs. 2 bits with 4 values (e.g. 0/1, 2, 4, 8) is configured for each sCCEG to save signaling overhead. With this method, since some values are restricted, one or some sCCEs may be wasted.

As shown in Figure 3, 2 sCCEGs are configured, so 4 bits are used to indicate the occupied sCCEs. “00” means no sCCE or 1 sCCE is occupied in sCCEG0. “01” means two sCCEs are occupied in sCCEG1. REs for the remaining sCCE can be used for sPDSCH transmission.
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Figure 3. Example of indicating the last used sCCE in each sCCE group 

· Scheme 3: A single bit indicating whether candidates within each group were assigned or not, where multiple groups can be configured.
A single bit is used to indicate whether candidates within each group were assigned or not. Different size can be configured for different groups. The detailed scheme can be found in [4]. 
· Scheme 4: Indicate the used sPDCCH resources for UL Grant with self-contained DL assignment transmission 
The similar idea of scheme 4 is as discussed in [5]. For a UE, its DL assignment can only be placed in the resources for its sPDSCH, so used or unused sPDCCH resources for DL assignment does not need to be indicated and the UE can know the used sPDCCH resource by DL assignment detection. 

In addition, sPDCCH resources for UL Grants are indicated. Multiple UL Grants can be allocated contiguously within the sPDCCH RB set for UL grants to avoid resource waste, and only indication of the last used sCCE for UL Grants is needed. This method is beneficial for DL processing time since UE does not need to detect UL grant before detecting DL assignment. 
· Scheme 5: Bitmap indication of used or unused sPDCCH candidates
Assuming 4 sPDCCH candidates for aggregation level 1 and 2 and 2 sPDCCH candidates for aggregation level 4 and 8, 4 bits are needed to indicate the used or unused sPDCCH candidates for aggregation level 1 or 2 and 2 bits to indicate the used or unused sPDCCH candidates aggregation level 4 or 8. The total number of bits will be 12, which is too large. Even if only the used or unused sPDCCH candidates for aggregation level 2 and 8 are indicated considering it is possible that only part of aggregation levels would be used for reducing blind decodes, 6 bits are still needed, which is still higher than scheme 1.
· Scheme 6: One bit indicating that whether the unused sPDCCH resources overlapped with the RBs assigned for sPDSCH can be used or not.
In this scheme, the unused sPDCCH resource is only from a UE point of view. That is, UE will consider the sPDCCH resource except for the ones used for its sDCI transmission within an RB set as the unused sPDCCH resource. If the bit indicates yes, the UE will assume the RBs of sPDCCH RB set overlapped with the RBs assigned for sPDSCH except for sPDCCH(s) belonging to the UE will be used for sPDSCH transmission. If the bit indicates no, the UE will assume the RBs of sPDCCH RB set cannot be used for sPDSCH transmission.
With scheme 6, the unused sPDCCH resources cannot be utilized efficiently, but the signaling overhead is small and standardization is simple. Therefore, scheme 6 can also be considered. 
Proposal 4: If explicit indication is supported for indicating the used or unused sPDCCH resources, bitmap indication (i.e. scheme 5) is not supported.
2.3 Configuring an sPDCCH RB set with none search space 
sPDCCH RB sets are configured via higher layer signaling, which means that an sPDCCH RB set cannot be changed in the granularity of sTTI. If different sPDCCH RB sets are configured for different UEs, for a given UE, its sPDSCH cannot be scheduled in another UE’s sPDCCH RB set(s) for a long time since the UE only knows the used or unused sPDCCH resources in its sPDCCH RB set(s). However, frequency resources for sPDSCH should be allocated dynamically in each sTTI to avoid scheduling restriction. Thus the UE also needs to know the used or unused sPDCCH resources in another UE’s sPDCCH RB set. In another aspect, if more sPDCCH RB sets are configured, more sPDCCH BDs could happen which should be avoided. Therefore, it is preferred that the number of search spaces (i.e. the number of sPDCCH candidates) such as 0 and positive integer can be configured for each sPDCCH RB set. That is, if the number of search space is zero for a sPDCCH RB set, the UE only needs to know the used or unused sPDCCH resources of this sPDCCH RB set but does not need to monitor sPDCCH in this sPDCCH RB set. Otherwise, if the number of search space(s) is positive integer for an sPDCCH RB set, the UE not only needs to know the used or unused sPDCCH resources of this sPDCCH RB set but also monitors sPDCCH in this sPDCCH RB set.

Proposal 5: If two sPDCCH RB sets are configured by higher layer, the number of search space for one sPDCCH RB set can be configured as 0.
2.4 Handling of possible inconsistent indications between two sPDCCH sets
It was agreed that a UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI. Since two sPDCCH RB sets for a UE are configured independently, it is possible that these two sPDCCH RB sets are overlapped. As shown in Figure 4 and 5, for a UE, sPDSCH is schedule in 2 symbols and on frequency resources F, and 2 sPDCCH RB sets, set A and set B, are configured. Set A is placed in 1 symbol and on frequency resources f1 and Set B is placed in one symbol and on frequency resources f2 while f1 and f2 are overlapped. Set A is indicated as unused sPDCCH resources but set B is indicated as used sPDCCH resources.

In this case, if unused sPDCCH indications corresponding to two sPDCCH RB sets are inconsistent, how to handle it needs further study. There are possible three solutions:
· Solution 1:  Prioritize the unused sPDCCH resources

As shown in Figure 4, the unused sPDCCH resources are prioritized, so the overlapped part can be reused for sPDSCH transmission.  
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Figure 4. Prioritize the unused sPDCCH resources
· Solution 2: Prioritize the used sPDCCH resources

As shown in Figure 5, the used sPDCCH resources are prioritized, so the overlapped part cannot be reused for sPDSCH transmission.  
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Figure 5. Prioritize the used sPDCCH resources

· Solution 3: UE regards inconsistent indications as an error case
With this solution, if a UE receives an sDCI with inconsistent indications of utilizing two sPDCCH RB sets, the sDCI will be regarded as an error sDCI, thus the UE will not receive sPDSCH according to the sDCI. Correspondingly, eNB will not configure inconsistent indications to avoid invalid sDCI transmission. 
In order to save sDCI bits, unused/used sPDCCH resource indication will be rough such as scheme 6 in section 2.2. With solution 1 and 2, the overlapped part can be efficiently indicated. In addition, these two solutions only need very small standardization effort. Therefore, solution 1 or 2 is preferred.
Proposal 6: The unused or used sPDCCH resources are prioritized if used/unused sPDCCH indications corresponding to two sPDCCH RB sets are inconsistent.
3 Sharing DMRS REs between sPDCCH and sPDSCH 
Since DMRS based sPDCCH requires DMRS to support sPDCCH demodulation, it is preferred that DMRS based sPDCCH is configured only for DMRS-based transmission modes. In the RAN1#88bis meeting, it was agreed that RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH, which means sPDCCH DMRS cannot be placed in only one symbol. 
To reduce DMRS overhead, especially for CDM-T based DMRS, sharing the same DMRS REs between sPDCCH and sPDSCH can be considered. In addition, sharing the same DMRS REs between sPDCCH and sPDSCH would provide the possibility to transmit sPDCCH and sPDSCH using the same beam. 
For example, for 1-slot sTTI, it is preferred to place DMRS based sPDCCH in the first one or two symbols to help reduce latency. In addition, it is possible to transmit two group DMRSs for sPDSCH demodulation. If sPDCCH and sPDSCH on the same RB(s) are transmitted to one UE, sPDCCH and sPDSCH can share the same DMRS port(s). If sPDCCH and sPDSCH are transmitted to different UEs, DMRS port(s) should be separate for different UEs for sPDCCH and sPDSCH demodulation. The DMRS for sPDSCH demodulation for 1 UE can be transmitted at the same REs for DMRS for sPDCCH for another UE to reduce overhead. Figure 6 gives an example of DMRS sharing between different UEs for 1-slot sTTI. As shown in Figure 6, DMRS port for sPDCCH demodulation for UE1 is transmitted in sPDCCH region, while DMRS port for sPDSCH demodulation for UE2 is transmitted in both sPDCCH and sPDSCH region to help improve channel estimation performance. However, sharing the same DMRS REs between sPDCCH and sPDSCH may have some impacts on the sPDSCH, e.g. may limit the precoding for sPDSCH. Therefore, sharing the same DMRS REs between sPDCCH and sPDSCH can be further studied to see if it is beneficial at least from DMRS overhead and impacts on sPDSCH perspective.   

Proposal 7: Sharing the same DMRS REs between sPDCCH and sPDSCH can be studied.
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Figure 6. Example of sharing DMRS REs between sPDCCH and sPDSCH for 1-slot sTTI 
4 Conclusions
In this paper, we mainly discuss the methods on how to utilize the unused sPDCCH resources for sPDSCH. Sharing the same DMRS REs between sPDCCH and sPDSCH is also discussed. Based on the above discussion, we have the following proposals:
Proposal 1: Either used or unused sPDCCH resources within the configured sPDCCH RB set(s) needs to be indicated to a UE for utilizing unused sPDCCH resource for sPDSCH transmission.
Proposal 2: sPDSCH assigned by an sPDCCH can be mapped to unused sPDCCH resources within the resources assigned for the sPDSCH.
Proposal 3: If explicit indication is supported for indicating used or unused sPDCCH resources, whether it is enabled or not can be configured by higher layer.

· If enabled, a field in sDCI would be used to indicate the used or unused sPDCCH resources
· If disabled, there is no field in sDCI would be used to indicate the used or unused sPDCCH resources and two mechanisms can be further studied

· Mechanism 1: For a UE, the resources of sPDCCH RB set except resources occupied by its DL assignment and/or UL grant can be regarded as unused sPDCCH resources, or

· Mechanism 2: For a UE, no resources of sPDCCH RB set will be used for sPDSCH transmission.
Proposal 4: If explicit indication is supported for indicating the used or unused sPDCCH resources, bitmap indication (i.e. scheme 5) is not supported.

Proposal 5: If two sPDCCH RB sets are configured by higher layer, the number of search space for one sPDCCH RB set can be configured as 0.
Proposal 6: The unused or used sPDCCH resources are prioritized if used/unused sPDCCH indications corresponding to two sPDCCH RB sets are inconsistent.

Proposal 7: Sharing the same DMRS REs between sPDCCH and sPDSCH can be studied.
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