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1. [bookmark: _Toc473554899]Introduction

In RAN1 #87, the DL 2-symbol sTTI layout structure was agreed:

[image: ]

· For a CC configured with a 2-symbol sTTI operation, 
· For a cross-carrier scheduled CC, the starting symbol index of the first potential sPDSCH is configured by RRC. 
· For a self-carrier scheduled CC, the starting symbol index of the first potential sPDSCH equals to CFI value indicated by PCFICH.
   UE determines the sTTI pattern as follows 
[image: ]


[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we discuss efficient multiplexing of sPDCCH and sPDSCH.
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Figure 1 sPDCCH design for pattern 1

In Figure 1, using sTTI layout structure pattern 1 as an example, sPDCCHs are defined over sPDCCH resources in the frequency domain and they are located on the first symbols in sTTIs in the domain time. In the legacy LTE system, PDCCH is defined over the control region over all the PRBs at a system bandwidth. sPDCCH can be defined over a subset of the PRBs available at a system bandwidth. Note the subset of PRBs can be non-contiguous as shown in Figure 1. 
To define sPDCCH, sPDCCH resources, which can be potentially non-contiguous, are concatenated in the logical domain to obtain a contiguous logical resources in the frequency domain, which facilitates to use the PDCCH design from the legacy LTE for sPDCCH.
We assume REG (Resource Element Group, consisting of 4 REs), CCE (Control Channel Element, consisting of 9 REGs) are used to define sPDCCH.  Over one PRB, 2 or 3 REGs are defined at the starting OFDM symbol in a sTTI depending on whether CRS or DMRS is used for sPDCCH demodulation and whether CRS is present in the first symbol of a sTTI. A block interleaver as used for PDCCH is also used for sPDCCH, which provides frequency diversity for sPDCCH. 

The control region of each sTTI consists of a set of CCEs, numbered from 0 to [image: ]   where [image: ] is the total number of CCEs in the control region of sTTI [image: ]. In the following, we discuss how [image: ]is determined.

The UE   monitors a set of sPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the sPDCCHs in the set according to all the monitored DCI formats. 

 
The set of sPDCCH candidates to monitor are defined in terms of search spaces, where a search space [image: ] at aggregation level [image: ] is defined by a set of sPDCCH candidates. For each serving cell on which sPDCCH is monitored, the CCEs corresponding to sPDCCH candidate m of the search space [image: ] are given by
[image: ]
where[image: ] is defined below, [image: ]. For the common search space [image: ]. For the PDCCH UE specific search space, for the serving cell on which sPDCCH is monitored, if the monitoring UE is configured with carrier indicator field then [image: ] where [image: ] is the carrier indicator field value, else if the monitoring UE is not configured with carrier indicator field then [image: ], where [image: ]. [image: ] is the number of PDCCH candidates to monitor in the given search space.

 

In the following we discuss how sPDCCH resources are determined at a UE and also how to reduce sPDCCH monitoring effort. 

Irrespective of the signaling method to indicate sPDCCH resources, as it is important for gNB to be able to schedule normal TTIs and sTTIs in the same subframe, and legacy UEs’ behavior should not be affected by the existence of sPDCCH and sTTIs, the sPDCCH resources should preferably be covered by a PRB allocation with Resource allocation Types 0 and/or 1. 

Option 1: Dynamic indication of sPDCCH resources
 The sPDCCH resources in a subframe can be indicated dynamically by a PDCCH at the same subframe. The PDCCH can be associated with a ”sTTI”-RNTI, and the DCI carried by the PDCCH is of the same size as DCI 1C or DCI 1A, so blind detection effort can be alleviated. In this case, the indication includes the PRBs over which the search space for sPDCCH is defined. Additionally some restriction on the aggregation level of the sPDCCH can be also indicated so blind detection complexity at UE can be reduced. Signaling design for Resource allocation Types 0 and/or 1 can be reused with the understanding that it indicates resource allocation for sPDCCH in the frequency domain only. 

Option 2: Semi-statically configured sPDCCH resources

Alternatively, the candidate locations of sPDCCHs in the frequency domain can be semi-statically configured for a UE: the PRBs over which the search space of sPDCCH is defined; also the candidate locations of sPDCCHs in the time domain can be implicitly derived from the sTTI length (nominally 2 symbols vs 7 symbols), and PCFICH. Recall the sTTI lengths within a subframe depends on the PDCCH region size indicated by PCFICH. 

Option 3: combination of semi-statical & dynamic signaling

The above two methods can be also combined: the candidate locations of sPDCCHs are semi-statically configured a UE. Yet whether a UE needs to monitor sPDCCH in a subframe is determined dynamically. The main benefit of semi-statical configuration lays that signaling overhead is less a concern than dynamic indicaiton for sPDCCH resources. It is possible to configure mutiple sets of sPDCCH resources at a UE, and using dynamic signaling to select one set of sPDCCH resources for the current subframe.

Reduced sPDCCH monitoring effort

Now we discuss UE’s behavior in terms of sPDCCH monitoring within the PDCCH control region in subframe, and also outside the PDCCH control region in a subframe.

if the default behavior of the UE is not to decode sPDCCH outside the PDCCH control region,  before a UE starts to decode sPDCCH outside the PDCCH control region, it attempts to decode a ”sPDCCH trigger” PDCCH (”trigger PDCCH” in the following) which carries the information whether sTTIs can be used in the subframe for the whole cell (in this case, a single bit indication is enough). If present, the trigger PDCCH is transmitted in the PDCCH control region the size of which is indicated by PCFICH. A UE attempts to decode sPDCCHs beyond the PDCCH control region if it receives a positive indication  from the trigger PDCCH; otherwise it does not attempt to perform blind detection on sPDCCH beyond the PDCCH control region. Notice we assume the behavior of the UE in terms of blind detection on sPDCCH in the PDCCH control region is not modified according to whether there is a positive indication in the trigger PDCCH or not; as the required processing time for the trigger PDCCH may be too much for a UE to wait for the outcome of attemped detection on the trigger PDCCH to decide whether to pursue sPDCCH detection in the PDCCH control region.  


If benefits are seen to allow a UE to skip sPDCCH monitoring in the PDCCH control region, then it is beneficial to place the trigger PDCCH at one or a few fixed locations at  any allowable aggregation level for the trigger PDCCh, so a sTTI-capable and sPDCCH monitoring UE can first perform blind detection on those locations and any information derived from that effort can be used to define the UE behavior in the current subframe. 

As indicating to all sPDCCH-monitoring UEs in the whole cell may not lead to the best power saving – one sTTI transmission in a subframe would force all sPDCCH-monitoring UEs to perform sPDCCH blind detection , it may be beneficial to define multiple sPDCCH monitor groups, and each sPDCCH monitor group includes a number of UEs and each UE is semi-statically configured with one or more sPDCCH monitor group. In this case, the trigger PDCCH can include a bitmap with each bit for a sPDCCH monitor group. And the function of each bit takes a similar role as the case a single bit is used for the whole cell. 

There can be variations to the design to reduce sPDCCH monitoring effort, leading to combinations of trigger mechanism and default UE behavior: instead of using a positive indication from the trigger PDCCH, a negative indication from the trigger PDCCH, the absence of the trigger PDCCH, can be used to modify the default behavior. And the default behavior of a sTTI capable & sPDCCH monitoring UE can be either monitoring sPDCCH or not monitoring sPDCCH in those combinations. 

 
sPDCCH and sPDSCH multiplexing


[image: ]
Figure 2 sPDCCH multiplexing with data

[bookmark: _GoBack]Figure 2 provides our general view on sPDCCH and data multiplexing [1]. The benefit of multiplexing sPDCCH and sPDSCH can be seen from the right side.

We propose to introduce a field in the downlink DCI of sPDCCH to indicate the usage of CCEs (Control Channel Element) for sPDCCH(s) for the current sTTI occasion. Depending on the sPDCCH resources, there can be REs not associated with any CCEs and they can be used for sPDSCH. (For example, with 20 PRBs for sPDCCH resources, there are 2 (two REGs per PRB) × 20 (Number of PRBs)÷ 9 (REGs in one CCE) =  4.44, so 4 CCEs can be defined over the first symbol in a sTTI, and there are 16 REs not taken by any CCEs on that symbol). As there can be many CCEs in a sPDCCH resources (e.g. with 100 PRBs for the sPDCCH resources), to indicate whether each of them is used to a UE would incur heavy signaling overhead; hence signaling overhead reduction is necessary. We propose to indicate CCEs at a relatively high aggregation levels. In one example, assume for sPDCCH, there are 4 REs in one REG, and there are 9 REGs for one CCE, over one OFDM symbol within one PRB, there can be two REGs. From those assumptions, there are 22 CCEs over 100 PRBs, and 5 CCEs over 25 PRBs. 

Assume we use 6 bits to indicate CCE usage, then for a sPDCCH resources defined over 100 PRBs, we can use one bit for 4 CCEs,  a bitmap [110100] indicates CCEs 1-4,5-8 and 13-16 are in use, and CCEs 9-12, 17-20,21-22 are not in use. A UE shall assume over the sPDSCH allocation, CCEs not in use and residing on the same PRB as its sPDSCH allocation on the second OFDM symbol are used for sPDSCH transmission.

For a sPDCCH search space defined over a smaller number of PRBs, e.g. 25 PRBs, then a bitmap [110100] indicates CCEs 1,2,3 are in use. 

When a UE detects a sPDCCH assigning it sPDSCH, there is no need to indicate the CCEs taken by that sPDCCH in the bitmap included in the sPDCCH. And when the UE determines what CCEs are available for sPDSCH, the CCEs taken by the sPDCCH and CCEs which are indicated by the downlink DCI as in use are excluded. 

In summary, We propose the following procedure for sPDCCH and data multiplexing :

1. A UE determines the sPDCCH search space according to semi-statical configuration, dynamical indication, or a combination of them;
2. The downlink DCI carried by sPDCCH contains a CCE usage field which indicates what CCEs in the sPDCCH search space are in use (alternatively what CCEs are not in use).
a. If the field is a bitmap, each bit represents the usage of X CCEs (e.g. X contiguous CCEs in the logical domain), X can be a function of the size of the sPDCCH resources counted as the number of PRBs over which the sPDCCH space is defined. The larger the sPDCCH resources, the larger X is.
3. The UE searches for sPDCCH, if a sPCCH containing downlink DCI is found, the REs un-available for sPDSCH allocation on the symbol where sPDCCH resides include 
a. REs for reference signal for the detected sPDCCH or other sPDCCHs, 
b. CCEs used by the detected  sPDCCH, 
c. and un-available CCEs as determined from the CCE usage field in the downlink DCI of the sPDCCH,
d. REs on   PRBs which are not included in the frequency domain allocation of sPDSCH.
4. Rate matching for sPDSCH is performed by using the un-used REs determined from step 3.
 
 We have
Proposal: including a CCE usage field in sPDCCH downlink DCI to indicate what CCEs are in use (alternatively not in use). Each bit in the CCE usage field represents X CCEs, X can be a function of the size of the sPDCCH resources counted as the number of PRBs over which the sPDCCH space is defined. The larger the sPDCCH resources, the larger X is.

In Figure 1, sPDCCHs and sPDSCHs are shown to occupy the same frequency resources from network’s point of view. 
If sPDSCHs collectively can take a different bandwidth from sPDCCHs colectively, then it is beneficial that  the resource allocation indication in a downlink DCI sent through sPDCCH takes absolute addressing, i.e. it is not conditional on the configuration/indication of sPDCCH resources. Then transmisison modes 3,4,8,9,10 for sTTIs can be defined whereby the resource allocation indication with transmisison modes 3/4/8/9/10 takes the same meaning as resource allocation indication with transmission modes 3/4/8/9/10 for normal TTIs.

3. Conclusion
In this contribution, we discuss sPDCCH and sPDSCH multiplexing we have

Proposal: including a CCE usage field in sPDCCH downlink DCI to indicate what CCEs are in use (alternatively not in use). Each bit in the CCE usage field represents X CCEs, X can be a function of the size of the sPDCCH resources counted as the number of PRBs over which the sPDCCH space is defined. The larger the sPDCCH resources, the larger X is.
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