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1	Introduction
In RAN1#86b, companies agreed the supported DL transmission modes for sPDSCH:
Agreement:    
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI
At RAN1#87, sTTI DL structure for subslot sTTI has been agreed. This structure preserves slot-boundary and such simplifies the multiplexing with slot-based sTTI. The agreed subslot sTTI structure defines the length of sPDSCH. This setting the granularity of sPDSCH in time, while it is still opened what will be the sPDSCH granularity in frequency. 
At RAN1#88 some sPDSCH scheduling decisions have been taken which will influence the sPDSCH operation:
Agreements:    
1. An sPDSCH/sPUSCH is scheduled by a UE-specific sDCI1
0. sDCI1 provides all the necessary information to decode sPDSCH or transmit sPUSCH
0. Legacy DCI content is the starting point for sDCI1
0. Reduce payload size of sDCI1
2. Increase the granularity of resource block assignment 
0. FFS the applicability and granularity for each resource allocation type
2. FFS: Jointly indicate some of the information
2. FFS: which DCI fields to remove from the legacy DCI
2. Other methods to decrease the sDCI1 size are not precluded
0. FFS: Align the payload size for DL sDCI1 and UL sDCI1 for sPDSCH/sPUSCH scheduling 
No further agreements related to short PDSCH design were achieved in RAN1 #88b. 
In RAN1#89 following agreement has been reached: 
Agreement:
· Resource allocation type 1 for sPDSCH is not supported. 

In RAN1#90, the following working assumption has been made:
Working assumption:
· A single codeword is used for sPDSCH independent on the number of layers

There has been an email discussion scheduled following RAN1#90, namely [90-11] Email discussion on sPDSCH/sPUSCH design [1] to discuss the open issues. In this contribution, we take the outcome of the email discussion into account here and specifically high-light some important seen by us. 


2	Resource allocation types & granularity 

Currently, the support of Type 0 and Type 2 RA allocation for sPDSCH is still open. But based on the input by different companies to Q1 and Q2 of [90-11], there seems to be strong support for both RA Types for sPDSCH. 
Proposal 1: Support resource allocation type 0 and type 2 for sPDSCH.
The company inputs on the RA granularity to Q3 in [90-11] is rather diverse, we therefore spend some more considerations in this contribution on this issue.
Let us look on the number of bits required to code RA with different granularities. Tables 1-4 show the required signaling overhead for each RA-type for 5MHz to 20MHz system BW. For Type 0, doubling the RBG size (M=2x) may result in significant overhead savings of 6-12 bits, and quadrupling (M=4x) the RBG size results in savings of 9-18bits. For Type 2, we assume an increase in the granularity of starting PRB as well as granularity of allocation length (both with integer multiple of PRB). 

Table 1 – 5Mhz bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0 [RBG]
	13
	7
	5
	4

	Type 2 [RB]
	9
	7
	6
	5



Table 2 - 10MHz Bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0 [RBG]
	17
	9 
	6
	5

	Type 2 [RB]
	11
	9
	8
	7




Table 3 – 15Mhz Bandwidth
	Multiple M
	Legacy
	2x
	3x
	4x

	Type 0 [RBG]
	19
	10
	7
	5

	Type 2 [RB]
	12
	10
	9
	8



Table 4 - 20MHz bandwidth
	Multiple
	Legacy
	2x
	3x
	4x

	Type 0 [RBG]
	25
	13
	9
	7

	Type 2 [RB]
	13
	11
	10
	9




Based on Tables 1-4 we have the following observations and proposal:
Observation-1: The sizes of DCI formats scheduling sPDSCH can be significantly decreased by increasing the scheduling granularity of RA Types 0. Only minor overhead savings can be achieved for the compact RA of Type 2. In general, the larger the carrier bandwidth the more RA overhead can be saved.

On Type 0 RA 
From operation point of view, the Type 0 RA granularity of 1-slot sTTI could be doubled, while the RA granularity of 2-OS sTTI could be 3x or 4x the legacy. 
However, considering the efficient multiplexing between 1-slot and 2-OS sTTI on one hand, and minimizing the number of channel estimators by introducing a single sPRG size on the other hand, the sRBG granularity of RA Type 0 could be tripled (red entries in Tables 1-4) for both 1-slot and 2-OS sTTI.
Proposal-2: For sPDSCH, increase the resource allocation granularity for RA types 0 by a granularity multiplier of Q=3 for bandwidths equal or larger than 5MHz (25PRBs). 

Using Q=3 will result in the following scheduling granularities, number of subbands/ RA bits:
· 5MHz (25PRBs): 6PRBs, 5 subbands/bits,   
· 10MHz (50PRBs): 9PRBs, 6 subbands/bits
· 15/20MHz (75/100PRBs): 12PRBs, 7/9 subbands/bits  

On Type 2 RA 
The support of Type 2 RA for sPDSCH is very beneficial. If sTTI is multiplexed with a TTI in a the same subframe, upon partial allocation of PDSCH in a sRBG, the remaining resource becomes unusable by Type 0 sPDSCH RA anymore. However, the resource is still schedulable by the Type 2 sPDSCH RA that could employ fine granularity. 
Proposal-3: Support Type 2 RA with fine granularity for scheduling of sPDSCH.
In email discussion [90-11] many companies suggested that fine granularity could be only adopted for the start RB while the length could be with course TYPE0 sRBG granularity, this to reduce the RA overhead. However, this approach is not optimal for the co-existence with sTTI TYPE0 sRBG-bitmap scheduling, as shown in Figure 1, the sTTI TYPE0 RA cannot address the yellow resource of the 4th sRBG. Therefore, we suggest that if different granularity for start and length is supported, then the end is truncated to the sRBG grid.   


Figure 1 Example of multiplexing TTI, sTTI TYPE2 UE and sTTI TYPE0 UE

Proposal-4: If Type 2 RA with fine granularity (RBG) for start and course granularity (sRBG) for length is supported, truncate the end to the course granularity (sRBG).

3	sPDSCH TBS determinations
The TBS determination has also been handled in Sec. 2.5 of email discussion [90-11], which we directly refer to in our discussion below.  
Regarding the scaling factor applied, there seems to be a strong support of using a fixed scaling factor of ½ for slot sPDSCH (Q28 in [90-11]). For subslot sPDSCH the opinions are more diverse (Q29 in [90-11]), 4 companies suggest a fixed value (1/6 or 1/7) whereas 3 companies discuss variation based on sPDSCH length and other overhead (such as CRS, DM-RS, …).
In legacy, if eNB decides to re-tx the TBS in a subframe with different number of available PDSCH symbols compared to original transmission, the varying length of PDSCH changes the effective coding rate. Alternatively, eNB may change the RA size to provide approximately the same coding rate. Therefore, we think that the same tools as in legacy can be used to compensate for the sPDSCH length (and overhead) variation. Therefore, we propose to have a fixed TBS scaling coefficient α per configured sTTI length. For subslot sPDSCH we propose α=1/7 and for slot-based sPDSCH we propose α=1/2.
Two different options on defining the TBS using some scaling have been discussed in [90-11]. In Option 1 of Q27 in [90-11], the scaling factor α is applied on the scheduled number of PRBs N’PRB using the TBS values from the legacy TBS tables directly, as used for the TBS scaling for DwPTS in Sec. 7.1.7 of 36.213. The second approach discussed in [2] and supported by two companies in the email discussion scales the underlying TBS values of the 1ms TTI, by using the scaling factor to define basically TBSsTTI=f{α,TBSTTI}. 

As we think the second option has advantages, we here again try to iterate our argument. Using the PRB scaling, any resource allocation being smaller or not mapping directly with the scaling factor α would lead to the same scaled number of PRBs NPRB – e.g. when allocating 4 or 12 PRBs with the scaling factor for subslot sTTI of α=1/7 would for both lead to NPRB=1, and consequently to the same TBS independent of the chosen MCS (although the resource allocation is basically triple). In contrast using the scaling of the TBS values using similar principles, such as defining the TBSsTTI by mapping α*TBSTTI(N’PRB, MCS) the next smaller supported TBS value for 1ms TTI. In this case, although there is a minor difference compared to the first approach for the lower MCSs, for higher MCSs this operation provides clearly more adaptivity of the TBS. Therefore, we believe that scaling the nominal TBS values to the next smaller supported legacy/1ms TTI TBS value to be superior. Please note, that also for the TBS scaling the minimum supported TBS size should be still given by 16bits.
Proposal-5: The legacy TBS tables for PDSCH can be scaled by slot and subslot sTTI specific, fixed   coefficient α (and mapped to the next smaller existing TBS value). For subslot sPDSCH a scaling factor of α=1/7 and for slot-based sPDSCH a scaling factor of α=1/2 is to be used. 

4	DL TM specific issues
4.1 Number of CWs
The TBS determination has also been handled in Sec. 2.2 of email discussion [90-11], which we directly refer to in our discussion below. There seems to be a majority of companies suggesting confirming the working assumption to support only single CW operation for slot and subslot sPDSCH, but some companies seem to have worries on the performance with single CW operation, might not see the need for slot sPDSCH overhead reduction or suggest operating dual CW with common MCS/NDI/RV and single HARQ-Ack. 
Although we agree, that the motivation of single CW sPDSCH operation for slot sTTI is much reduced compared to subslot sTTI, we prefer a common sDCI design and sPDSCH operation for slot and subslot sTTI. Consequently, we suggest confirming the WA. 
Proposal-6: Confirm the working assumption to use a single codeword for sPDSCH independent of the number of transmitted layers for slot and subslot sTTI. 

4.2 Subframe-type dependent DL transmission scheme
As discussed since the SI times, the DM-RS overhead for very short TTI lengths will have a detrimental impact on the achievable DL throughput. Therefore, especially for subslot sTTI using CRS-based sPDSCH might have some advantages in normal subframes (containing CRS) compared to DMRS-based sPDSCH.
As noted as well, CRS-based sPDSCH cannot be universally applied, because in the case of MBSFN subframes CRS is not present in the PDSCH region of the subframe and therefore, DM-RS based sPDSCH operation needs to be supported. 
Currently, a UE can only be configured with a single DL transmission mode which may be either CRS-based (TM3,4,6) or DM-RS based (TM8/9/10). Therefore, in case an eNB would like to have the option to schedule the UE in any subframe on a carrier containing MBSFN subframes, the only option to do so is configuring the UE with a DM-RS based sPDSCH TM. We think that this is very restrictive and in the light of the DM-RS overhead issue for shorter TTI operation propose to support of a subframe-type dependent sPDSCH transmission modes, namely based on CRS and DMRS. A similar ability to change the RS for demodulation has already been agreed to be supported for sPDCCH (by enabling SF type dependent sPDCCH set definition) because of the same overhead reason. Having this flexibility, the network could in non-MBSFN subframes operate the UE with a CRS-based sPDSCH (to reduce the DM-RS overhead) and in MBSFN subframes with DM-RS based sPDSCH. 
Such operation would not have any effect on the DL control complexity, as the UE would still only need to look for the sPDSCH assignment of the configured DL TM within an sTTI – either CRS in non-MBSFN SFs or DMRS-based sPDSCH TM in MBSFN SFs.
In the email discussion, there has been the argument brought that the eNB might not have CSI for CRS and DM-RS based sPDSCH. We would like to note in general here, that having CSI available in general is not a pre-requisite for applying a certain (CRS- or DM-RS based) sPDSCH transmission scheme. Especially for single CW sPDSCH operation independent on the number of layers (RAN1 working assumption), the spatial precoding using CRS or DMRS will have less effect compared to 2 CW operation (having different MCS etc.) and the eNB can choose the best precoder for DMRS or CRS based precoding based on the gathered CSI feedback knowing the CRS to CSI-RS precoding relation. Moreover, the eNB may take the lower overhead of CRS-based sPDSCH into account when performing the related link adaptation. 
Proposal-7: Support sPDSCH reception with a subframe-type (i.e. MBSFN & non-MBSFN SF) dependent demodulation RS-type, i.e. CRS or DM-RS.

5	Conclusions
In this contribution, we discussed details of the short sPDSCH design in terms of sPDSCH resource allocation granularity, TBS determination as well as other potential sTTI-specific sPDSCH transmission scheme enhancements. We made following observations and proposals:
· Proposal 1: Support resource allocation type 0 and type 2 for sPDSCH.
· Observation-1: The sizes of DCI formats scheduling sPDSCH can be significantly decreased by increasing the scheduling granularity of RA Types 0. Only minor overhead savings can be achieved for the compact RA of Type 2. In general, the larger the carrier bandwidth the more RA overhead can be saved.
· Proposal-2: For sPDSCH, increase the resource allocation granularity for RA types 0 by a granularity multiplier of Q=3 for bandwidths equal or larger than 5MHz (25PRBs). 
· Proposal-3: Support Type 2 RA with fine granularity for scheduling of sPDSCH.
· Proposal-4: If Type 2 RA with fine granularity (RBG) for start and course granularity (sRBG) for length is supported, truncate the end to the course granularity (sRBG).
· Proposal-5: The legacy TBS tables for PDSCH can be scaled by slot and subslot sTTI specific, fixed   coefficient α (and mapped to the next smaller existing TBS value). For subslot sPDSCH a scaling factor of α=1/7 and for slot-based sPDSCH a scaling factor of α=1/2 is to be used. 
· Proposal-6: Confirm the working assumption to use a single codeword for sPDSCH independent of the number of transmitted layers for slot and subslot sTTI. 
· Proposal-7: Support sPDSCH reception with a subframe-type (i.e. MBSFN & non-MBSFN SF) dependent demodulation RS-type, i.e. CRS or DM-RS.
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