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1
Introduction
Note: This paper is a revised version of R1-1712779.
In this contribution paper, we discuss some of the remaining issues related to the design of sPDCCH and provide more details addressing the objectives listed above.
2
sPDCCH Structure
2.1 DMRS-Based sPDCCH 

Before discussing the sCCE structure of the DMRS-based sPDCCH, it should be noted that RB bundling for sPDCCH can significantly enhance the channel estimation quality. Hence, the RB bundling for sPDCCH should be supported.
Proposal 1: RB bundling for DMRS-based sPDCCH should be supported and assumed as a default operation.
It is desirable to define the same sPDCCH sPRG size over different sTTIs. This reduces the channel estimation complexity as the UE. Since time-first freq.-second sCCE-to-sREG mapping is agreed for DMRS-based sPDCCH, if 1 sCCE = 4 sREGs in 2-symbol sTTIs and 1sCCE = 6 sREGs in a 3-symbol sTTIs, then in both cases, each sCCE spans over 2 RBs. Hence, the sPRG size in all sTTIs can be set to 2 RBs as well. 

Proposal 2: For DMRS-based sPDCCH, 1 sCCE = 4 sREGs in 2-symbol sTTIs, and 1 sCCE = 6 sREGs in 3-symbol sTTIs.
Proposal 3: The sPRG size for a DMRS-based sPDCCH is 2.
Once the sPRGs for the DMRS-based control are defined, for distributed sCCE-to-sREG mapping, it can be considered that control resources are distributed at the sCCE level. 
Proposal 4: For an RB set with DMRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sCCE level.

Since the each sCCE spans two RBs, and the sPDCCH sPRG size is also 2, then it is not reasonable to assume that the RB set allocation granularity is 1 RB. In other words, since 2 consecutive RBs are needed to form an sCCE, the RB set allocation granularity should also be 2.

Proposal 5: For DMRS-based RB set, the allocation granularity is 2 RB.

Now, as discussed in [1], the sPRG for DMRS-based sPDSCH can be set to 4RBs. If the data and control sPRG grids are nested, i.e., each data sPRG has 2 control sPRG, claiming the unused control resources can be done efficiently. In fact, since the RB set allocation granularity, the sCCE size, and the control sPRG size are all the same, the reuse indication can be done at the level of RB set allocation granularity, e.g., by signalling the last RB set unit used. The benefit of this approach can be explained with an example: Consider a sPDSCH sPRG of size 4, which overlaps with one DMRS-based sCCE. If the indication is done with the sPDCCH RB set granularity, then the remaining resources are at least 2 consecutive RBs. The UE can then use these remaining resources, while adopting RB bundling for data. This approach makes sure that the remaining resources are not single RBs. Given that it is desirable to reduce the DMRS overhead, RB bundling should always be supported to guarantee a reasonable sPDSCH performance.

2.2 CRS-Based sPDCCH 

For CRS-based sPDCCH, 1 sCCE = 4 sREGs. One question that is remained is that how the distributed sCCE-to-sREG mapping should be implemented. To answer this question, it is important to consider a case, where a CRS-based sPDCCH scheduled a DMRS-based sPDSCH. As explained above, to reclaim the unused control resources efficiently, while making sure that the number of remaining resources for DMRS-based sPDSCH is more than 1 RB such that bundling can be implemented, it is important to group the sREGs. As an example, if the sPRG size of DMRS-based sPDSCH is 4 RBs, the CRS-based sREGs should form groups of 2. Then, the distributed mapping can be done at the level of sREG bundles. Similar to the previous case, with this approach, the minimum resources remained for data in one sPDSCH sPRG is 2 RBs; hence, the UE is able to perform RB bundling for channel estimation. If, on the other hand, single sREGs are distributed, it is very likely that resources remained for sPDSCH are of size 1RB. In this case, RB bundling is not possible. AT high data rates, once the channel estimation quality is poor over a small number of RBs, the entire TB is not decodable.
Proposal 6: For an RB set with CRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sREG bundle level, where each sREG bundle size is 2 RBs.

When the CRS-based sREGs are distributed in bundles of size 2, then it is reasonable to define the RB set allocation granularity accordingly. Based on Section 2.1 and 2.2, we therefore have:
Proposal 7: The RB set allocation granularity is 2 RBs.
3
RB Set Size 
In RAN1#90, it was agreed that ALs of 1, 2, 4 and 8 are supported. Also, it was agreed that for the 2-symbol sTTI operation, the total of 6 candidates can be distributed across the ALs flexibly via RRC configuration. In such a case, a UE may need to demap/decode a large portion of the bandwidth to obtain its DL and/or UL grant. To clarify this point, let us consider a 2-symbol CRS-based sPDCCH with 2 candidates of AL = 8, 2 candidates with AL = 4 and 2 candidates with AL = 2. Further, consider the system bandwidth of 20MHz and assume that a single grant is sent for a given user. Since each sCCE = 4 sREG, the size of the 2-symbol RB set is 56RBs. To decode the control, the UE then has to demap and decode 56RBs to acquire the single grant. Then, assuming the sPDSCH for this user spans the remaining part of the bandwidth (i.e., the UE rate-matches around its sPDCCH only), the UE has to demap and decode almost half of the RBs twice; once for control blind decoding and the second time for data decoding. As another example, if 6 candidates with AL = 8 are configured, the UE has to demap and decode the entire system bandwidth twice. Hence, to meet very tight turnaround times, the UE’s complexity will increase significantly. It should be noted that the maximum RB set size is already defined for EPDCCH in order to keep the UE’s complexity at a reasonable level. If the maximum RB set size is defined, then it is guaranteed that the size of the UE’s search space is also constrained.
Proposal 8: The maximum number of RBs needed for monitoring the sPDCCH candidates should be sufficiently small. This can be achieved by limiting the RB set size, or limiting the number of candidates at each aggregation level.
4
Transmit Diversity for CRS-Based sPDCCH  

In legacy LTE, the set of resource elements in an REG depends on the number of configured cell-specific reference signals. As an example, in the first OFDM symbol of the first slot of a subframe, the two REGs in one RB consist of resource elements 0,1,…,5 and 6,7,…,11. In each group, two REs are allocated to CRS. Hence, each group has 4 REs.In the 2nd OFDM symbol of the 1st slot of a subframe, in case one or two CRS ports are configured, the three REGs in an RB consist of REs as 0,1,2,3 and 4,5,6,7, and 8,9,10,11. In essence, in the presence of CRS only, the number of tones per RB is always a multiple of 4, which facilitates the implementation of both 2-port as well as 4-port SBFC. 
However, in a low latency system, depending on the sTTI index, the number of useable tones per RB (equivalently sREG) may not be a multiple of 2 or 4. Hence, gaining from transmit diversity via adopting SFBC cannot be realized. For example, for sTTI#2 spanning over symbols 5 and 6 of a subframe, if a 2-port CSI-RS is configured, the total number of useable tones is 11. Hence, neither a 4-port SFBC nor a 2-port SFBC can be implemented efficiently. To handle this issue, we propose the following: (1) If a 2-port SFBC and a W-port CSI-RS are configured for a user, the user should consider the CSI-RS pattern associated with a Z-port CSI-RS, where Z = max(W,4), and rate-match around the corresponding resources within the sTTI, and (2) If a 4-port SFBC and W-port CSI-RS are configured for a user, the user should consider an 8-port CSI-RS pattern (given that the maximum number of CSI-RS ports is 8), and rate-match around the corresponding resources. Under this proposal, the number of usable tones per RB is always a multiple of 2 if a 2-port SFBC is adopted, and a multiple of 4 if a 4-port SFBC is adopted.
Proposal 9: If a 2-port SFBC and a W-port CSI-RS are configured for a user, the user should consider the CSI-RS pattern associated with a Z-port CSI-RS, where Z = max(W,4), and rate-match around the corresponding resources within the sTTI.
Proposal 10: If a 4-port SFBC and W-port CSI-RS are configured for a user, the user should consider an 8-port CSI-RS pattern. 
5
sDCI Transmission within the Legacy PDCCH 
Under the two-stage scheduling scheme, stage 0 grant can be transmitted within the legacy PDDCH region. Also, the DL for the 1st sTTI within a subframe may also be placed within the legacy control region. Thus, a low latency capable UE may require to perform blind decoding not only within each shortened TTI, but also within the legacy control region. This, in turn, may increase the total number of blind decodes that a UE should perform. 

To accommodate an sDCI within the legacy PDDCH region, the following two issues should be addressed. First, how should one efficiently multiplex DCI and sDCI within the legacy PDDCH? Second, what are the viable approaches to keep the total number of blind decodes at a reasonable level for a low latency capable UE?

When sDCI is sent over the legacy PDDCH region, to avoid increasing the complexity, it is preferable to use the legacy structure. The REG and CCE definition and structure should remain untouched. This leads to a better multiplexing capability for DCI and sDCI in the legacy PDDCH region. 
Proposal 11: When sDCI is transmitted in the PDDCH, REG and CCE structures remain the same as those in the legacy LTE. 

To reduce the total number of blind decodes, different approaches can be considered as follows: 

1. Keep the sDCI sizes the same as those of the DCI. In this case, an indicator should be added in the DCI/sDCI to distinguish between the legacy LTE and low latency services.  

2. Reduce the size of the legacy user-specific search space so that a new search space can be defined for low latency services without increasing the total number of blind decodes. Like the approach taken in eCA, reducing the search space can be done via sending, e.g., a 2-bit indicator per aggregation level. 

3. Keep the size of the search space the same, while reducing the number of ALs that a user should check. The ALs for each user can be indicated via RRC signalling.

4. Keep the size of the search space unchanged, but reduce the number of DCI sizes. For example, in contrast to the legacy LTE where a user should check for two DCI sizes within the user-specific search space, a low latency capable user can be constrained to only checking for one DCI size. Thus, the remainder of the blind decodes can be used in the low latency specific search space.  

5. A combination of 2-4 can also be considered to further limit the number of blind decodes.
Proposal 12: When a user should search for both DCI and sDCI within the legacy PDDCH, the total number of blind decodes required to acquire both DCI and sDCI can be limited through approaches 1-5. 
6
sTTI UL Grant in PDCCH

As agreed before, when 2 or 3 symbols are used for the legacy PDCCH, sTTI0 does not contain neither the sPDSCH nor a DL sDCI. However, in such scenarios, it is reasonable to allow an sTTI UL grant to be sent in the legacy PDCCH region. This reduces the UL scheduling delay.

Proposal 13: When legacy PDCCH spans over 2 or 3 symbols, consider allowing sTTI#0 to convey an UL grant via sDCI for sTTI k if UL scheduling timing of n+k is adopted.
7
Conclusions 
Proposal 1: RB bundling for DMRS-based sPDCCH should be supported and assumed as a default operation.
Proposal 2: For DMRS-based sPDCCH, 1 sCCE = 4 sREGs in 2-symbol sTTIs, and 1 sCCE = 6 sREGs in 3-symbol sTTIs.
Proposal 3: The sPRG size for a DMRS-based sPDCCH is 2.
Proposal 4: For an RB set with DMRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sCCE level.
Proposal 5: For DMRS-based RB set, the allocation granularity is 2 RB.

Proposal 6: For an RB set with CRS-based sPDCCH, the distributed sCCE-to-sREG mapping is implemented at the sREG bundle level, where each sREG bundle size is 2 RBs.
Proposal 7: The RB set allocation granularity is 2 RBs.

Proposal 8: The maximum number of RBs needed for monitoring the sPDCCH candidates should be sufficiently small. This can be achieved by limiting the RB set size, or limiting the number of candidates at each aggregation level.
Proposal 9: If a 2-port SFBC and a W-port CSI-RS are configured for a user, the user should consider the CSI-RS pattern associated with a Z-port CSI-RS, where Z = max(W,4), and rate-match around the corresponding resources within the sTTI.
Proposal 10: If a 4-port SFBC and W-port CSI-RS are configured for a user, the user should consider an 8-port CSI-RS pattern. 
Proposal 11: When sDCI is transmitted in the PDDCH, REG and CCE structures remain the same as those in the legacy LTE. 

Proposal 12: When a user should search for both DCI and sDCI within the legacy PDDCH, the total number of blind decodes required to acquire both DCI and sDCI can be limited through approaches 1-5. 

Proposal 13: When legacy PDCCH spans over 2 or 3 symbols, consider allowing sTTI#0 to convey an UL grant via sDCI for sTTI k if UL scheduling timing of n+k is adopted.
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