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1 Introduction
In this contribution, we provide our view on the remaining issues related to: 

· sPDSCH design

· DL DMRS

· Number of HARQ processes
2 Design aspects of sPDSCH
During RAN1#90bis the following agreements were made: 

Agreement:
· Resource allocation type 0 indicating non-contiguous sRBGs using a bitmap is supported for sPDSCH scheduling.

· The sRBG size for resource allocation type 0 is defined as per below table for both 2/3os and 7os sTTI using an sPRG size of 2:

	5 MHz
	10 MHz
	15 MHz
	20 MHz

	6
	6
	12
	12


· In case of 1.4 MHz or 3 MHz system bandwidth, the RBG size is re-used from legacy and the PRG size is 2 for sTTI operation.

· Resource allocation type 2 indicating contiguous resource units is supported for sPDSCH scheduling for 5 MHz, 10 MHz, 15 MHz and 20 MHz is supported with the sRBG size and starting position according to the table below.

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 sRBG size 
	4
	6
	4
	4

	Starting point granularity
	2
	6
	4
	4


· The used resource allocation type is not dependent on transmission mode

In the following subsections, we provide our view on the remaining issues related to sPDSCH design.  
2.1 Transmission Scheme
As seen in e.g. Table 7.1-5 of 3GPP TS 36.213, two transmission schemes are defined per transmission mode in 1ms operation. One of them is the intended specific transmission scheme with the given transmission mode, e.g. closed-loop spatial multiplexing for TM4, while the other transmission scheme of the same transmission mode is a fallback tx scheme, often the robust transmit diversity scheme. While the transmission mode for a given UE is configured over RRC, the transmission scheme for this UE can change in each PDSCH assignment. The transmission scheme used in a scheduled PDSCH is indeed implicitly known from the DCI format used to schedule the corresponding PDSCH. Since the transmission mode configured over RRC cannot be changed very fast, having two transmission schemes per transmission mode enables to change quickly from an advanced PDSCH transmission scheme to a more robust PDSCH transmission scheme if needed. The fallback Tx scheme also enables the eNB to continue scheduling PDSCH while a RRC reconfiguration affects for instance the operation of the TM specific Tx scheme, for instance the CSI reporting parameters leading to non-reliable CSI reports during the RRC reconfiguration.

For short TTI, during RRC reconfiguration or if a quick change in channel or interference conditions makes the chosen advanced transmission scheme inappropriate, the eNB can always switch back to the robust PDSCH transmission scheme. Switching to legacy TTI would negatively affect the latency of the transmissions. For MBB traffic, this could be acceptable due to the expected rare occurrence of RRC reconfiguration. However, it is suboptimal considering the following agreement made in RAN1#90 where PDSCH transmissions can be dropped when switching to sPDSCH scheduling. The throughput loss induced in this situation could be avoided by supporting a fallback Tx scheme for sPDSCH that would correspond to a Tx diversity based transmission.

	Agreement:
· In case of switching from 1ms PDSCH scheduled within TTIs n-WDL to n-1(i.e. including all CCs) to an sPDSCH in TTI/subframe n (i.e. including all CCs):

· Whether the UE skips processing PDSCH(s) is up to the UE implementation.

· In case UE skips PDSCH processing, the legacy procedures are applied. If the UE skips decoding, the physical layer indicates to higher layers that the transport block(s) is not successfully decoded.

· The value of WDL is a UE capability with the value range of 0 to k-1, where k is the DL HARQ processing time. The UE indicates a separate capability per DL sTTI length.

· The UE should attempt to skip the processing of as small number of PDSCH(s) as possible.




In RAN1#90bis, it was discussed as part of the LTE URLLC WI and concluded that UEs can have both eMBB and URLLC traffic. For those kinds of UEs switching to PDSCH transmission during RRC reconfiguration is not acceptable as it directly implies that the latency requirements of the URLLC traffic cannot be met. Supporting a fallback Tx scheme is required for URLLC UEs. Particularly for those UEs with both URLLC and MBB traffic, the flexibility to choose between a robust Tx scheme and a high datarate Tx scheme in each sTTI is important due the very different BLER and throughput requirements of those two traffic types.
Observation 1 Supporting a fallback Tx scheme for sPUSCH is required for URLLC UEs
Proposal 1 Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
In RAN1#90, the maximum blind decodes per sTTI on one CC was agreed to be 6 for 2/3os sTTI and 12 for 7os sTTI. To optimize the usage of the agreed total number of blind decodes, it is preferable to use the same short TTI DCI for both transmission schemes of the same TM. A field in the short TTI DCI can be added to indicate which of the two transmission schemes is applied. This requires alignment between the sDCI sizes of the TM dependent Tx scheme and the fallback Tx scheme. If a fallback Tx scheme common to all TMs is decided for sTTI, an aligned sDCI size between all TM dependent Tx schemes and the fallback Tx scheme may be required.
Proposal 2 To optimize the usage of the agreed total number of blind decodes, the same DCI format is used to schedule both transmissions schemes 
2.2 Resource Allocation 
2.2.1 Configuration 
During RAN1#90bis it was agreed to support both RA allocation type 0 and 2 for sPDSCH. One remaining issue is how to configure the used resource allocation and if both RA can be configured at the same time.

The benefits of supporting Type 2 include the ability to schedule smaller RA as compared to Type 0. This is especially needed for SPS operation. Also, for a UE with very weak received signal, the eNB may want to reduce the number of allocated RBs and increase the transmit power per RB. 

Therefore, it is beneficial to enable the flexibility to configure one or both of the TA types for a certain UE. The RA type(s) are RRC configured. If the eNB configure both RA types, an RA header is needed in sDCI to indicate the used RA in the corresponding sTTI. 

Proposal 3 The used resource allocation type for sPDSCH is RRC configured between: 

· RRC configuration of a single RA type

· Dynamically switching between RA type 0 and 2
2.2.2 Resource allocation Type 2 
During RAN1#90bis, the following agreement was made: 

Agreement:
Resource allocation type 2 indicating contiguous resource units is supported for sPDSCH scheduling for 5 MHz, 10 MHz, 15 MHz and 20 MHz is supported with the sRBG size and starting position according to the table below.

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	 sRBG size 
	4
	6
	4
	4

	Starting point granularity
	2
	6
	4
	4


To calculate the RIV value we propose an equation that is applicable for any configurable bandwidth (5,10,15 and 20 MHz). 
Proposal 4 The RIV for Type 2 RA is calculated as follows: 
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where resource allocation and starting position, granularity are denoted by Gr and Gs, respectively. The number of allocated PRBs is x*Gr and the starting PRB index is 
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3 DL DMRS 

During RAN1#90bis the following agreement was made for DMRS pattern for short TTI.

Agreements:
· Up to 4-layers is supported for 2/3os sPDSCH. The DMRS pattern is defined over two RB, mapped over 4 sub-carriers (see figure below for up to 2-layers). In case of 3 or 4-layer transmission, the UE is not expected to receive DMRS more than once over two consencutive 2/3os sTTIs.
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· For 2/3-symbol sPDSCH, avioding collision between DMRS and CSI-RS can be handled by eNB configuration without spec impacts.

· For DMRS of 2/3-symbol sPDSCH, the DMRS sharing across slots within a subframe is supported.

· For DMRS of 2/3-symbol sPDSCH, the DMRS sharing among 3 consecutive sTTIs is not supported.

· The time-domain position for DL DMRS of 3-symbol sPDSCH is placed in the first two symbols
· For 1-slot DMRS based sPDSCH, up to 4 layers transmission is supported for TM 9/10 and up to 2 layers transmission is supported for TM 8.

· For the first 1-slot sPDSCH in a subframe, one pair of DMRS are placed in OFDM symbol index #3 and #4, of slot 0.

· For the second 1-slot sPDSCH in a subframe, one pair of DMRS are placed in OFDM symbols index #2 and #3, of slot 1.
· For 1-slot sPDSCH, only a single pair of DMRS in time is supported.

· For up to 2 layers transmission of 1-slot sPDSCH, the DMRS is placed on 3 subcarriers spaced by 4 subcarriers within an RB.

· For DMRS of 1-slot sPDSCH, avoiding collision between DMRS and CSI-RS can be handled by eNB configuration without spec impacts.

· For 4 layers transmission of 2/3os (if supported) and 1-slot DMRS-based sPDSCH, the pairs for 2 layers are repeated in frequency.

In this section, we study collision between reference signals and provide our views on the DL DMRS design to avoid DMRS collision with CRS and CSI-RS. 

When there are CRS or CSI-RS transmission, the DMRS design should be modified to avoid collision between DMRS and CRS or to provide enough number of resources for CSI-RS. The DMRS design should also consider that CRS in a subframe can have different shifts in different cells. Then, the design should specify DMRS patterns regarding all those shifts. In addition, a proper design should provide enough resource elements for possible CSI-RS transmissions. Before describing the details of DMRS design, if may be worth to show the reference signals in an LTE subframe. This has been illustrated in Figure 1 for different CRS shifts. The figure also shows the possible locations of CSI-RS resource elements in an LTE subframe. The numbers inside the CSI-RS region in the figure show the possible locations of CSI-RS for 4-port transmission. As shown in Figure 1, there are 10 possible 4-port CSI configurations if there is no DMRS transmission.  In the next subsection, we study DMRS design for these four patterns.
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                               a)  no CRS                                                                       b)  CRS shift 0
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                              c)  CRS shift 1                                                                     d) CRS shift 2

Figure 1. Resource elements for different CRS shifts and possible CSI-RS resource elements in a subframe. Color code: black: CRS, gray: control channel, blue: CSI-RS, and yellow: data.
3.1 DMRS pattern for subslot DL transmission

During RAN1#90bis, it has been agreed that for subslot transmission, four DMRS pairs are distributed among subcarriers of each two resource blocks. The baseline for the case that there is no CRS transmission in that subframe, and not considering CSI-RS, is illustrated in Figure 2. When there exists CRS transmission in the subframe, the DMRS pattern should be modified such that collision between CRS and DMRS is avoided. In addition, there should be enough resource elements for possible CSI-RS transmission. Since the DMRS for subslot transmission (based on the agreement for option 3 with N=2) can be on different subcarriers in different resource blocks, then some of resource elements are not possible to be used for CSI-RS. For example, the CSI-RS on Subcarrier 20 in Figure 2 cannot be used for CSI-RS due to the fact that Subcarrier 8 in RB 0 is assigned for DMRS. We show those unusable resource elements by crosshatched blue squares in Figure 2. We observe that the number of CSI configurations is very limited in the baseline pattern, even when there is no CRS transmission in a subframe.

Observation 2 The baseline pattern provides only one possible CSI configuration, even when there is no CRS transmission in a subframe.

Proposal 5 For subslot DL transmission, the agreed baseline pattern is only valid for the case where CSI-RS is not configured and CRS is not present.
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Figure 2. The baseline agreed pattern when there is no CRS transmission in a subframe. Color code: gray: control channel, blue: CSI-RS, crosshatched blue: unusable resources for CSI-RS, red: DMRS port 7-8, green: DMRS port 9-10, yellow: data.
Considering all the above issues, we modified DMRS patterns for different CRS shifts as shown in Figure 3. In the recent email discussion [2], there are few proposed patterns also by other companies as well. Looking at the proposed patterns by those companies, we can address some issues. In Nokia proposed pattern, Port 7-8 DMRS is located on a lower subcarrier compared to Port 9-10 DMRS. This is not consistent with LTE legacy DMRS pattern. The patterns proposed by ZTE have used the same DMRS pattern by both PRBs, so it does not benefit of the use of option 3 DMRS pattern (it is basically following option 2 DMRS pattern). In addition, for ZTE proposed pattern for shift 2, there is a large distance between DMRS and PRB borders (4 REs between Port 7-8 DMRS till the upper PRB border, and 5 REs for Port 9-10 DMRS). This will adversely affect channel estimation due to high extrapolation. The designed patterns by Qualcomm has less extrapolation, which is a good property. Yet the number of CSI configurations in Qualcomm design is limited to four.  The proposed DMRS patterns in Figure 3 provide a proper number of CSI configurations.

Observation 3 The suggested DMRS pattern for no-CRS transmission provides 5 CSI configurations for 4-port transmission
Observation 4 The suggested DMRS pattern for CRS shift 0 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission

Observation 5 The suggested DMRS pattern for CRS shift 1 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission 

Observation 6 The suggested DMRS pattern for CRS shift 2 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission

Proposal 6 For subslot DL transmission, the following DMRS pattern a is proposed for the case where CSI-RS is configured and CRS is not present.

Proposal 7 For subslot DL transmission, the following DMRS patterns b, c and d are proposed for different CRS shifts.
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a)    No CRS  and CSI-RS configured                                                         b)   CRS shift 0
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        c)        CRS shift 1                                                                d)    CRS shift 2

Figure 3. The proposed DMRS patterns for different CRS shifts. Color code: black: CRS, gray: control channel, blue: CSI-RS, crosshatched blue: unusable resources for CSI-RS, red: DMRS port 7-8, green: DMRS port 9-10, yellow: data.
3.2 DMRS pattern for slot DL transmission 

Similarly, for designing DMRS patterns for slot DL transmission when there is CRS transmission in a subframe we design DMRS patterns such that collision between DMRS and CRS is avoided and enough resource elements for CSI-RS transmissions are provided. Considering those points, beside the point of distributing DMRS resource elements for a proper channel estimation, we propose the following DMRS patterns for different CRS shifts, as shown in Figure 4.

Observation 1 The baseline pattern for no-CRS transmission provides 6 sets of CSI-RS resource elements for 4-port transmission
Observation 2 The suggested DMRS pattern for CRS shift 0 avoids collision between CRS and DMRS and in addition provides 6 sets of CSI-RS resource elements for 4-port transmission

Observation 3 The suggested DMRS pattern for CRS shift 1 avoids collision between CRS and DMRS and in addition provides 6 sets of CSI-RS resource elements for 4-port transmission

Observation 4 The suggested DMRS pattern for CRS shift 2 avoids collision between CRS and DMRS and in addition provides 6 sets of CSI-RS resource elements for 4-port transmission
Proposal 8 For slot DL transmission, the following DMRS patterns are proposed for different CRS shifts.
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                             CRS shift 1                                                                     CRS shift 2

Figure 4. The proposed DMRS patterns for slot DL transmission and for different CRS shifts. Color code: black: CRS, gray: control channel, blue: CSI-RS, red: DMRS port 7-8, green: DMRS port 9-10, yellow: data.
4 Number of HARQ processes 

Short TTI operation can be configured in many different ways: 

· symmetric or asymmetric {DL,UL} sTTI lengths: {2,2}, {7,7} or {2,7})

· different minimum processing times (associated with a different maximum TA): n+4, n+6, n+8

· simultaneous spDSCH/PDSCH decoding for UE reporting this capability

For short TTI operation with a minimum timing of n+8 as agreed in RAN1#90bis, 16 HARQ processes would be needed. In addition, 16 HARQ processes are needed also for the shortest agreed processing time of n+4 in case of asymmetric sTTI length in DL and UL (i.e. {2,7} TTI length combination). In addition, 16 HARQ processes are needed also for {2,2} TTI length combination with n+4 timing for UEs capable of simultaneous sPDSCH and PDSCH decoding. This is discussed in detail in our companion contribution [1]. Consequently, for more simplicity and flexibility, it is proposed to align the number of HARQ processes for all possible short TTI configurations.

Proposal 9 16 HARQ processes are supported for short TTI 

5 Conclusion
Based on the discussion in section 2 we observe the following:

Observation 1
Supporting a fallback Tx scheme for sPUSCH is required for URLLC UEs
Observation 2
The baseline pattern provides only one possible CSI configuration, even when there is no CRS transmission in a subframe.
Observation 3
The suggested DMRS pattern for no-CRS transmission provides 5 CSI configurations for 4-port transmission
Observation 4
The suggested DMRS pattern for CRS shift 0 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission
Observation 5
The suggested DMRS pattern for CRS shift 1 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission
Observation 6
The suggested DMRS pattern for CRS shift 2 avoids collision between CRS and DMRS and in addition provides 5 CSI configurations for 4-port transmission


Based on the discussion in section 2 we propose the following:

Proposal 1
Support two transmission schemes per transmission mode for sPDSCH including a robust transmission scheme
Proposal 2
To optimize the usage of the agreed total number of blind decodes, the same DCI format is used to schedule both transmissions schemes
Proposal 3
The used resource allocation type for sPDSCH is RRC configured between:

RRC configuration of a single RA type

Dynamically switching between RA type 0 and 2
Proposal 4
The RIV for Type 2 RA is calculated as follows:
Proposal 5
For subslot DL transmission, the agreed baseline pattern is only valid for the case where CSI-RS is not configured and CRS is not present.
Proposal 6
For subslot DL transmission, the following DMRS pattern a is proposed for the case where CSI-RS is configured and CRS is not present.
Proposal 7
For subslot DL transmission, the following DMRS patterns b, c and d are proposed for different CRS shifts.
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a)    No CRS  and CSI-RS configured                                                         b)   CRS shift 0
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        c)        CRS shift 1                                                                d)    CRS shift 2

Proposal 8
For slot DL transmission, the following DMRS patterns are proposed for different CRS shifts.

  

No CRS (baseline agreement)    
                 CRS shift 0



CRS shift 1                                                                     CRS shift 2
Proposal 9
16 HARQ processes are supported for short TTI
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