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Introduction
The following agreements were achieved in the RAN1 90bis meeting [1]: 
RAN1#90bis
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


Agreement:
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.
[image: ]
Agreement:
For 2/3-symbol sPDSCH, avioding collision between DMRS and CSI-RS can be handled by eNB configuration without spec impacts.
Agreement:
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.
Agreement:
[bookmark: OLE_LINK3]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.
Agreement:
For 4 layers transmission of 2/3os (if supported) and 1-slot DMRS-based sPDSCH, the pairs for 2 layers are repeated in frequency.
Agreement:
DL transmission modes for sTTI and 1ms TTI are configured independently.
- NOTE: This does not require sTTI specific CSI reporting.
This contribution further discusses the remaining details on DL data channel design, mainly focuses on the resource allocation, DMRS design and transmission mode. 
Resource allocation
As agreed in RAN1 #90bis meeting, the resource allocation granularity and the starting point granularity for resource allocation type 2 is different for sPDSCH scheduling for 5MHz. Therefore, how to determine the resource indication value (RIV) for resource allocation type 2 should be considered.





Assuming the resource allocation granularity is  and the starting point granularity is . The RIV corresponding to a starting resource block () and a length in terms of virtually contiguously allocated resource blocks () can be defined by:

     (1)


Where  and , N is the number of PRBs. 

Figure 1 gives an example of the RIV calculation. For example, if , then RIV is calculated as 15 when using the equation (1).


Figure-1: example of the RIV calculation
In this case, the number of bit field for RIV can be calculated as: 


 wherein .   (2)
Another alternative (denoted as Alt-2 and the above mentioned solution is denoted as Alt-1 for differentiation) is that the RIV operates with 4RB granularity for both the starting point and the length of RA. One additional bit indicates the starting position from the first or third RB within the first 4RB RBG.  In this case, the number of bit field for RIV is calculated as:


 +1 wherein .   (3)
Table-1 compares the overhead for RIV for above two alternatives. From Table 1 we can find that, Alt-1 can save 1 bit overhead for some cases (highlighted by yellow in Table 1). 
Table 1. Number of bits of RIV
[image: ]
Therefore, we propose that, 
Proposal 1: The resource indication value (RIV) for 5MHz system bandwidth can be defined by:

     






Where  and . N is the number of PRBs. is the starting resource block () and is the length of allocated resource blocks ().








At the receiver, the UE can determine the  and  easily based on the received RIV. For example, assuming , find the maximum  which satisfies and denote as . Then  and .
DMRS Design
In email discussion [90b-LTE-13] [2], there are three possible options discussed regarding to the DMRS shift pattern:
· Option1: The same shift of the DMRS is applied for all sTTIs within a non-MBSFN subframe
· Option2: The same shift of the DMRS is applied only in sTTIs where the DMRS is colliding with CRS
· Option 3: The same shift of the DMRS is applied for all sTTIs for all subframes
Considering there is no CRS in MBSFN subframe at all, the baseline DMRS pattern can be used. As for non-MBSFN subframe, it is simple to apply the same DMRS pattern for all sTTI. That is Option 1 is preferred by us.
 Proposal 2: The baseline DMRS pattern is used in MBSFN subframe, and the same shift of the DMRS is applied for all sTTIs within a non-MBSFN subframe. 
Further, the collision between the shift of DMRS pattern and CSI-RS was discussed based on Option 1 below.   
 2/3-symbol TTI
According to the agreements in the email discussion [90b-LTE-13] [2], for 4-layer 2/3OS sPDSCH, the baseline DMRS pattern is shown in Figure 2. FFS the collision with CRS and CSI-RS.


Figure 2 Baseline DMRS pattern of 4-layer 2/3 OS sPDSCH
[bookmark: OLE_LINK8]In email discussion [90b-LTE-13] [2], several candidates for the shift DMRS pattern are provided. The detailed structures of different DMRS shift patterns are listed in Figure 3. 






Figure 3 DMRS pattern under different CRS shifts
Based on different shifts of CRS, we take 2-port and 4-port CSI-RS as an example in Table 1 to analyze the available configurations of CSI-RS to avoid the collision of 4-layer DMRS pattern in sTTI #2, sTTI #4 and sTTI#5. 
[bookmark: OLE_LINK1]Table 2 Available CSI-RS configurations based on DMRS patterns for 2/3-OS sTTI
	Shift index of CRS
	4-layerDMRS pattern 
	[bookmark: OLE_LINK9]Available configurations of 2-port CSI-RS in {#sTTI2、 #sTTI4、 #sTTI5} 
	Available configurations of 4-port CSI-RS in {#sTTI2、 #sTTI4、 #sTTI5} 

	Shift 0
	Option1
	{0,1,2,4,8,10,12,14,17,18}
	{0,1,2,4,8}

	
	Option2
	{0,1,2,4,8,10,12,13,14,17,18}
	{0,1,2,4,8}

	
	Option3
	{0,2,4,8,10,12,14,17,18}
	{0,2,4,8}

	
	Option4
	{0,1,2,4,6,8,10,12,13,14,17,18}
	{0,1,2,4,6,8}

	Shift 1
	Option1
	{3,6,12,13,16}
	{3,6}

	
	Option2
	{3,5,6,7,8,9,11,13,15,16,19}
	{3,5,6,7,9}

	
	Option2-A
	{0,2,3,4,6,10,12,13,14,16,18}
	{0,2,3,4,6}

	
	Option3
	{4,18}
	{4}

	
	Option4
	{1,3,6,8,12,13,16,17}
	{1,3,6,8}

	Shift 2
	Option1
	{1,5,7,8,9,11,12,13,15,19}
	{1,5,7,9}

	
	Option2
	{1,5,7,8,9,11,12,13,15,17,19}
	{1,5,7,8,9}

	
	Option3
	{1,5,7,8,9,11,12,13,15,19}
	{1,5,7,9}

	
	Option4
	{0,1,2,4,5,6,7,9,10,11,12,13,14,15,18,19}
	{0,1,2,4,5,6,7,9}


For CRS shift 0 and shift 2, we can find in Table 1 that Option 4 can provide a more compatible DRMS pattern with CSI-RS, i.e. more CSI-RS configurations without collision with DMRS are available. While, Option 2/Option 2A is better for CRS shift 1 in terms of available CSI-RS configurations. However, DMRS in option 4 is more evenly distributed in each bundling PRBs, which would be beneficial to channel estimation. 
Observation 1: For CRS shift 0 and shift 2, Option 4 provides more available CSI-RS configurations. For CRS shift 1, Option 2/Option 2A provides more available CSI-RS configurations. 
Observation 2: DMRS pattern of option 4 is more evenly distributed in each bundling PRBs, which would be beneficial to channel estimation.
Combined with both the number of available CSI-RS configurations and also distributed pattern, we propose that, 
Proposal 3: Adopt Option 4 in Figure 3 as the DMRS pattern for 2/3-OS DL sTTI.
In the Appendix, Figure A-1 presents the 2-port CSI-RS configuration pattern of legacy LTE. Figure A-2 illustrates the available 2-port CSI-RS configurations in sTTI #2, sTTI #4 and sTTI #5 based on DMRS pattern of option 4.
1-slot TTI
According to the agreements in the email discussion [2], the baseline DMRS pattern for 4-layer 7-OS sPDSCH is shown in Figure 4. FFS the collision with CRS and CSI-RS.


Figure 4 Baseline DMRS pattern for 4-layer 7OS sPDSCH
According to the agreements on DMRS pattern of slot-based sTTI, there is no collision between DMRS and CSI-RS in slot #0, while DMRS would always collide with CSI-RS in OFDM symbols #2 and #3 of slot#1. 
Therefore, only the collision of DMRS and CRS needs be considered for slot-based sTTI. As shown in Figure 5, we propose the following DMRS patterns for slot-based sPDSCH. 


Figure 5 DMRS patterns of slot-based sPDSCH under different CRS shifts
 Proposal 4: Adopt the DMRS pattern in Figure 5 for slot-based sPDSCH.
Transmission mode
According to the current specification, the UE configured in CRS-based TM is not able to receive DMRS-based transmission in MBSFN subframes. This limitation certainly increases transmission delay and therefore not desirable for short TTI application. Because SI concludes that "no change for CRS definition is envisioned", it is not a favourable solution to transmit CRS in the PDSCH region of MBSFN subframe. Alternatively, a UE in the CRS-based TM can be allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. For simplicity, single antenna port transmission can be assigned. 
Proposal 5: A UE in the CRS-based TM is allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. 
· This temporary DMRS-based transmission can be the single antenna port transmission. 
Conclusion
In this contribution, the following observations and proposals are proposed for DL data channel:
Observation 1: For CRS shift 0 and shift 2, Option 4 provides more available CSI-RS configurations. For CRS shift 1, Option 2/Option 2A provides more available CSI-RS configurations. 
Observation 2: DMRS pattern of option 4 is more evenly distributed in each bundling PRBs, which would be beneficial to channel estimation.
Proposal 1: The resource indication value (RIV) for 5MHz system bandwidth can be defined by:

     






Where  and . N is the number of PRBs. is the starting resource block () and is the length of allocated resource blocks ().
Proposal 2: The baseline DMRS pattern is used in MBSFN subframe, and the same shift of the DMRS is applied for all sTTIs within a non-MBSFN subframe. 
Proposal 3: Adopt Option 4 in Figure 3 as the DMRS pattern for 2/3-OS DL sTTI.
Proposal 4: Adopt the DMRS pattern in Figure 5 for slot-based sPDSCH.
Proposal 5: A UE in the CRS-based TM is allowed to temporarily switch to DMRS-based transmission in MBSFN subframes. 
· This temporary DMRS-based transmission can be the single antenna port transmission. 
Reference
[1] [bookmark: _Ref427157992][bookmark: _Ref457403833]3GPP, Draft Report of 3GPP TSG RAN WG1 #90bis, v0.1.0.
[2] R1-1719957, Summary of email approval [90b-LTE-13] on remaining details of sPDSCH /sPUSCH design.
Appendix 1


Figure A-1 2-port CSI-RS configuration in legacy.  





Figure A-2 Available 2-port CSI-RS configurations in sTTI #2, sTTI #4 and sTTI #5 based on option 4. 
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