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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#90bis meeting, the following agreement related to sPDSCH has been achieved:
Agreement: 
Resource allocation type 0 indicating non-contiguous sRBGs using a bitmap is supported for sPDSCH scheduling.
Agreement:
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


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



Agreement
The used resource allocation type is not dependent on transmission mode.
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: ]

In this contribution, we discuss the residual issue of DL resource allocation and physical layer design for DL sTTI transmission.
[bookmark: _Ref129681832]DL resource allocation
Configuration of resource allocation type
It has been agreed that RA type 0 and 2 are supported for sPDSCH and the resource allocation type is not dependent on transmission mode. There are three options to indicate the used resource allocation type:
· Option 1: RRC configuration of a single RA type;
· Option 2: Dynamically switched;
· Option 3: RRC configuration of type 0 and/or type 2.
Dynamic switching of RA types is not necessary considering the payload size and blind decoding. If the dynamic switching is via sDCI formats, it would increase number of blinding decodes. If the RA type is indicated by 1 bit indicator in sDCI, then the sDCI payload size is increased as the payload sizes for both RA types need to be aligned, while the number of bits for RA types 0&2 are different, according to Table 1.
Table 1. Number of bits required by resource allocation type 0 and 2
	Bandwidth
(PRBs)
	Type 0
	Type 2

	
	sRBG size
	Number of
bits required
	Starting point
granularity
	sRBG size
	Number of
bits required

	25
	6
	4
	2
	4
	6

	50
	6
	8
	6
	6
	6

	75
	12
	6
	4
	4
	8

	100
	12
	8
	4
	4
	9



Proposal 1: A single resource allocation type is configured by RRC for each UE.
Resource indication value (RIV) for resource allocation type 2
To minimize the specification impact, the RIV formula for sTTI should reuse that for PDCCH DCI format 1C for 10, 15, 20MHz bandwidth where the granularity for starting position and length are the same, and modify slightly for 5MHz as

if  then


else 












where and are the granularity of sRBG size and starting point respectively, ,  and , ,and are defined in subclause 7.1.6.3 of [2]. Note that  1 and shall not exceed .








For 10M, 15M, 20MHz bandwidth, , thus  and , the formula falls back to the legacy one. For 5 MHz bandwidth,  and , thus , the first  bits are the resource allocation for , while the last one bit indicates a 2-PRB offset of the starting point, i.e. the first or the third RB in the sRBG group.
Proposal 2: The RIV formula for resource allocation type 2 for sPDSCH is:

if  then


else 










where and are the granularity of sRBG size and starting point respectively, ,  and ,  is the number of scheduled RBs, is the starting position of the scheduled RB, and is the number of system RBs.
Collision between DMRS and CRS RE
Noted that in legacy LTE, the cell-specific frequency shift of CRS is given by [image: ]. Hence, the CRS RE position will be changed by cell ID. In RAN1#90bis meeting, the DL DMRS RE shift in frequency domain is supported when colliding with CRS RE. This section will discuss the DMRS pattern when colliding with CRS RE. As shown in Figure 1 and Figure 2a&2b, two options are considered.
In contrast to option 2, the position of DMRS in option 1 has a fixed interval in frequency domain as shown in Table 2 and Table 3, which has better performance on channel estimation and reduces implementation complexity. Note that with different interval, the channel estimation filter also has to be changed which induced further complexity. Therefore option 1 is slightly preferred.
[bookmark: _Ref498693736]Table 2. Interval between the DMRS for option 1 with 1-slot sTTI
	Shift
	Interval between the DMRS of port 7/8 
	Interval between the DMRS of port 9/10

	
	between 1st and 2nd 
	between 2nd and 3rd 
	between 1st and 2nd 
	between 2nd and 3rd 

	0
	4 
	3
	3
	4

	1
	4
	3
	3
	4

	2
	4
	3
	3
	4



[bookmark: _Ref498693847]Table 3. Interval between the DMRS for option 2 with 1-slot sTTI
	Shift
	Interval between the DMRS of port 7/8 
	Interval between the DMRS of port 9/10

	
	between 1st and 2nd 
	between 2nd and 3rd 
	between 1st and 2nd 
	between 2nd and 3rd 

	0
	4
	3
	3
	4

	1
	3*
	4*
	4*
	3*

	2
	4
	3
	3
	4



Table 4. Interval between the DMRS for option 1 with 2/3-symbol sTTI
	Shift
	Interval between the DMRS of port 7/8 
	Interval between the DMRS of port 9/10

	
	between 1st and 2nd 
	between 2nd and 3rd 
	between 3rd and 4th
	between 1st and 2nd 
	between 2nd and 3rd 
	between 3rd and 4th

	0
	5
	7
	6
	5
	6
	7

	1
	5
	7
	6
	5
	6
	7

	2
	5
	7
	6
	5
	6
	7



Table 5. Interval between the DMRS for option 2 with 2/3-symbol sTTI
	Shift
	Interval between the DMRS of port 7/8 
	Interval between the DMRS of port 9/10

	
	between 1st and 2nd 
	between 2nd and 3rd 
	between 3rd and 4th
	between 1st and 2nd 
	between 2nd and 3rd 
	between 3rd and 4th

	0
	5
	7
	6
	5
	6
	7

	1
	5*
	6*
	7*
	5*
	7*
	6*

	2
	5
	7
	6
	5
	6
	7



Note*: Since the interval is different, the performance of channel estimation in the shift will different from other shift cases.
Proposal 3: DMRS REs are shifted in frequency domain along with the cell-specific frequency shift of CRS for both 2/3-symbol sTTI and 1-slot sTTI (Option 1 as in Figure 1 and 2).
The agreed baseline DMRS pattern for 4-layer 2/3-OS and 1-slot sPDSCH are also shown in Figure 1 and Figure 2. 


 
Figure 1: Candidate DMRS pattern for 4-layer 1-slot sPDSCH


 
Figure 2a: Candidate DMRS pattern for 4-layer 2/3OS sPDSCH (Option 1)

 
Figure 2b: candidate DMRS pattern for 4-layer 2/3OS sPDSCH (Option 2)

Conclusions
Based on the above discussion, we have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: A single resource allocation type is configured by RRC for each UE.
Proposal 2: The RIV formula for resource allocation type 2 for sPDSCH is:

if  then


else 










where and are the granularity of sRBG size and starting point respectively, ,  and ,  is the number of scheduled RBs, is the starting position of the scheduled RB, and is the number of system RBs.
Proposal 3: DMRS REs are shifted in frequency domain along with the cell-specific frequency shift of CRS for both 2/3-symbol sTTI and 1-slot sTTI (Option 1 as in Figure 1 and 2).
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