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1. Introduction

In RAN1 #89 meeting, following agreements were made on DL sTTI. [1]:

	Agreement:

· The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2

· The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is

· 2 for 2-symbol sTTI#1,2,3,4

· FFS: 3 for 3-symbol sTTI#1 and #5

· FFS: sTTI#0
· Resource allocation type 1 for sPDSCH is not supported

· The sPRG size for 2/3os sPDSCH is N (sPRG of N RBs)

· FFS: N is the same for all system BW or is system BW specific

· Down-select N from [2, 3, 4 and 6]

· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.

· Down-selected between option 1, 2, 3(X=2N+1 or X=2N, where N is the number of RBs).

· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.

· Sharing across subframes is not supported 

· FFS: Sharing across slots

· FFS: 3 consecutive sTTIs

· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.


Based on these agreements and working assumptions, we discuss some issues related to the sPDCCH multiplexing with data for shortened TTI in this contribution.
2. Discussion
2.1. sPDCCH and sPDSCH transmission in 7-OS sTTI
In RAN1 #88bis meeting, it was agreed that the number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer. For the case of DMRS-based sPDCCH, the DMRS would be transmitted in two symbols and the number of symbols for RB set can be fixed to two. (Otherwise, it can be configurable between one and two, however, this option seems not beneficial for 7-OS sTTI.) Then, further consideration on control and data multiplexing in 7-OS sTTI is discussed. In the first sTTI, it is natural to assume that the starting of sPDSCH is indicated via PCFICH or semi-static signaling. Thus, multiplexing between control and data in the first sTTI is pure TDM. In the second slot, it can be assumed that the control region is configured in frequency domain such that other regions not configured for a control region can be used for data. In that sense, the starting OFDM symbol of sPDSCH in the second sTTI can be always fixed as 0. Alternatively, considering other UEs’ control PRB sets, a set of PRBs usable or unusable for data mapping can be higher layer configured For resources in a control region, to allow utilizing unused resource, some mechanisms can be considered as follows.

(1)
Dynamically indicate last PRB index where a UE assumes resources from the first PRB in a control region to the indicated last PRB are used by control, and thus not used for data mapping. 

(2)
Assume only the corresponding sPDCCH that schedules sPDSCH is rate matched by sPDSCH. In other words, all the resource in a control region is assumed to be available to UEs except for resources used for the scheduling DCI. 

In order to support option (1), additional field in sDCI is needed. Moreover, the utilization of the unused control resource would rather be limited because the size of indication bits should be minimized. Option (2) requires some further considerations on handling uplink grants, and other UEs’ scheduling DCIs. Because there are relatively large amount of resources for sPDSCH in 7-OS sTTI, the benefit from utilizing the unused control resources for sPDSCH would be very limited considering the above aspects. Therefore, pure TDM can also be adopted in 7-OS sTTI even in the second slot. When sPDCCH and sPDSCH are TDMed, it seems that there is no need to restrict the combination between them, that is, whether sPDCCH and sPDSCH are CRS-based or DMRS-based.
Proposal 1: Consider TDM for the multiplexing between sPDCCH and sPDSCH in 7-OS sTTI for both the first and second slot.

2.2. sPDCCH and sPDSCH transmission in 2-OS sTTI

In RAN1 #88bis meeting, it was agreed that the number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer. Regarding OFDM symbol resource of sPDCCH and sPDSCH, TDM and FDM between control and data can be discussed. Depending on (1) transmission schemes of sPDCCH and sPDSCH and (2) the number of OFDM symbols for sPDCCH in a given TTI length, the following cases need to be addressed:
· Case 1: If the number of OFDM symbols per RB set is set to one in 2-OS sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed. On the other hand, since CDM-T is considered as DMRS pattern for sPDSCH, FDM between CRS-based sPDCCH and DMRS-based sPDSCH seems more feasible than TDM. If TDM is to be supported, DMRS of sPDSCH should be mapped onto symbol for CRS-based sPDCCH. Then, from the UE perspective, CRS-based sPDCCH should always be rate-matched by DMRS of sPDSCH regardless of whether DMRS-based sPDSCH is scheduled or not. This can reduce the effective number of REs for CRS-based sPDCCH and may cause orphan RE issues depending on the DMRS pattern.
· Case 2: If the number of OFDM symbols per RB set is set to two in 2-OS sTTI, all combinations between sPDCCH and sPDSCH (e.g., CRS/DMRS-based sPDCCH & CRS/DMRS-based sPDSCH) need to be FDMed. 
· Case 3: If the number of OFDM symbols per RB set is set to one in 3-OS sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed. Also, CRS-based sPDCCH and DMRS-based sPDSCH can be TDMed. 
· Case 4: If the number of OFDM symbols per RB set is set to two in 3-OS sTTI, CRS-based sPDCCH and CRS-based sPDSCH can be TDMed, and DMRS-based sPDCCH and CRS-based sPDSCH can be also TDMed. On the other hand, for CRS-based sPDCCH and DMRS-based sPDSCH, FDM between CRS-based sPDCCH and DMRS-based sPDSCH seems more feasible than TDM. If TDM is to be supported, the same approach mentioned in case 1 can be considered with potential issues. For DMRS-based sPDCCH and DMRS-based sPDSCH, TDM can be considered, however, DMRS sharing between sPDCCH and sPDSCH needs to be accompanied with the follow-up issues such as DMRS OFDM symbol location, antenna port(s) allocation, impacts on sPDCCH/sPDSCH performance, etc.   
Proposal 2: If the number of OFDM symbols per RB set is set to one in 2-OS sTTI, TDM can be supported for multiplexing between CRS-based sPDCCH and CRS-based sPDSCH while FDM can be supported for multiplexing between CRS-based sPDCCH and DMRS-based sPDSCH.
Proposal 3: If the number of OFDM symbols per RB set is set to two in 2-OS sTTI, FDM can be supported for multiplexing between sPDCCH and sPDSCH.
Proposal 4: If the number of OFDM symbols per RB set is set to one in 3-OS sTTI, TDM can be supported for multiplexing between sPDCCH and sPDSCH. 

Proposal 5: If the number of OFDM symbols per RB set is set to two in 3-OS sTTI, TDM can be supported for multiplexing between sPDCCH and CRS-based sPDSCH while FDM can be supported for multiplexing between sPDCCH and DMRS-based sPDSCH.
We can also consider the multiplexing between 7-OS sTTI and 2-OS sTTI in the same PRB. In order to utilize the scheduling flexibility as much as possible, 2-OS sTTI can be transmitted in the region of 7-OS sTTI except the symbols where DMRS is transmitted. Then, 7-OS sTTI can be rate-matched by 2-OS sTTI in the same PRB and the rate-matching pattern can be semi-statically configured by higher layer signalling.
Unlike 7-OS sTTI, the amount of resources for sPDSCH is rather limited in 2/3-symbol sTTI. Therefore, some consideration of utilizing unused resource in control region for data transmission would be necessary. For simplicity, data can just rate-match the sDCI which schedules the data in the control RB set. Resource allocation and/or MCS can be adjusted considering the other UE’s UL grant or DL assignment.   
Proposal 6: In order to utilize unused resource in control region, data can just rate-match the sDCI which schedules the data in the control RB set.
3. Conclusion
In this contribution, we discussed some issues related to sPDCCH multiplexing with data for shortened TTI .

Proposal 1: Consider TDM for the multiplexing between sPDCCH and sPDSCH in 7-OS sTTI for both the first and second slot.
Proposal 2: If the number of OFDM symbols per RB set is set to one in 2-OS sTTI, TDM can be supported for multiplexing between CRS-based sPDCCH and CRS-based sPDSCH while FDM can be supported for multiplexing between CRS-based sPDCCH and DMRS-based sPDSCH.
Proposal 3: If the number of OFDM symbols per RB set is set to two in 2-OS sTTI, FDM can be supported for multiplexing between sPDCCH and sPDSCH.
Proposal 4: If the number of OFDM symbols per RB set is set to one in 3-OS sTTI, TDM can be supported for multiplexing between sPDCCH and sPDSCH. 

Proposal 5: If the number of OFDM symbols per RB set is set to two in 3-OS sTTI, TDM can be supported for multiplexing between sPDCCH and CRS-based sPDSCH while FDM can be supported for multiplexing between sPDCCH and DMRS-based sPDSCH.
Proposal 6: In order to utilize unused resource in control region, data can just rate-match the sDCI which schedules the data in the control RB set.
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