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1	Introduction
In this paper, we provide some details regarding the following topics:
1) DL DMRS pattern for 2-symbol sTTI and 1-slot sTTI
2) Scrambling sequence initialization for DMRS and sPDSCH
3) CSI reporting for sTTI operation
4) Miscellaneous topics 
2	DL DMRS Design for 2-Symbol sTTI
So far, the base DL DMRS pattern for 2-symbol sTTIs is agreed to be as follows:
Agreement:
For 4-layer 2/3OS sPDSCH, the baseline DMRS pattern is as the figure below. FFS the collision with CRS and CSI-RS.
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In the remainder of this section, we discuss how the pattern should be modified in the presence of CRS and CSI-RS.
To design the DMRS pattern for 2/3-symbol sTTI, we separately consider cases when only CRS is present, when only CSI-RS is present, and when both are present over a given sTTI, and separately for MBSFN and non-MBSFN subframes.
We consider the following patterns as shown in Figure 1:
· Pattern B is used for CRS with shift 0.
· Pattern C is used for CRS with shift 1.
· Pattern D is used for CRS with shift 2.
· Pattern E is used for only sTTI5 when CRS with shift1 is present and when CSI-RS is configured.








Figure 1: DL DMRS patterns for 2-symbol sTTI and with different CRS shifts.

It should be noted that these patterns are devised in order to reduce the amount of extrapolation at the edges, while distributing the pairs evenly across the 2 RBs to the extent possible. Based on these patterns, we can consider the following cases:
1) Non-MBSFN subframes if CSI-RS is not configured:
· For sTTIs with no CRS collision, the base pattern (pattern A) should be used.
· For sTTIs with CRS collision, one of the pattern B, C, or D should be used based on the shift used for CRS.
2) Non-MBSFN subframes if CSI-RS is configured:
· For sTTI5, pattern B can be used for shift0, pattern E can be used for shift1 and pattern D can be used for shift 2. With this approach, regardless of which CRS shift is configured, it is guaranteed that there is always one 4-port CSI-RS can be accommodated. This is shown in Figure 2.
[image: ]
Figure 2: DL pattern for sTTI#5 in non-MBSFN subframes when CSI-RS is configured.

· For sTTIs with CRS and DMRS collision, i.e., sTTI0 for CFI = 1, sTTI1 for CFI = 1 and 3, and sTTI3, pattern B, C, or D can be used based on the CRS shift.
· For sTTI 2 and 4, pattern B can be used, which allows for accommodating CSI-RS as shown below in Figure 3. One 4-port CSI-RS in sTTI2 and two 4-port CSI-RS in sTTI4 can be allowed.
Then, overall, in non-MBSFN subframes where CSI-RS is configured, four 4-port CSI-RS can be managed. 
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Figure 3: DMRS pattern for sTTI2 and sTTI4 in non-MBSFN subframes.

3) MBSFN subframes where CSI-RS is not present:
· The base pattern should be used.
4) MBSFN subframe where CSI-RS is present:
· For sTTI 2, 4 and 5, pattern B can be used which again allows for configuring 4 4-port CSI-RS.
· In all other sTTIs, the base pattern should be used.

Proposal 1: The DMRS pattern for each 2/3-symbol sTTI is defined separately based on the presence of CRS and CSI-RS in non-MBSFN and MBSFN subframes. 
Proposal 2: In non-MBSFN subframes if CSI-RS is not configured:
· For sTTIs with no CRS collision, the base pattern (pattern A) should be used.
· For sTTIs with CRS collision, one of the pattern B, C, or D should be used based on the shift used for CRS.
Proposal 3: In non-MBSFN subframes if CSI-RS is configured:
· For sTTI5, pattern B should be used for shift0, pattern E should be used for shift1 and pattern D should be used for shift 2. 
· For sTTIs with CRS and DMRS collision, i.e., sTTI0 for CFI = 1, sTTI1 for CFI = 1 and 3, and sTTI3, pattern B, C, or D should be used based on the CRS shift.
· For sTTI 2 and 4, pattern B should be used.
Proposal 4: In MBSFN subframes, where CSI-RS is not present, the base pattern A should be used.
Proposal 5: In MBSFN subframes, where CSI-RS is present:
· For sTTI 2, 4 and 5, pattern B should be used.
· In all other sTTIs, the base pattern should be used.

3	DL DMRS Design for 1-Slot sTTI
So far, the baseline DL DMRS pattern for the 1-slot sTTI is agreed to be as follows:
Agreement:
For 4-layer 1-slot sPDSCH, the baseline DMRS pattern is as the figure below. FFS the collision with CRS and CSI-RS.
[image: cid:image002.png@01D35953.D0D73A00]
In the remainder of this section, we discuss how the pattern should be modified in the presence of CRS and CSI-RS.
We consider the following patterns:
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Now, depending on whether the CSI-RS is configured or not, and the subframe type, the following guidelines to use the patterns are presented:
1) In non-MBSFN subframes, where CSI-RS is not present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, the base pattern should be used.
2) In non-MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, use the same pattern as used for slot0. As shown in Figure 4 below, any of the shifted patterns in this case will allow for configuring two 4-port CSI-RS. So, it does not matter which one to use. Hence, it is reasonable to use the same pattern as used in slot0 since this way, the number of patterns used per subframe will be minimized. 
3) In MBSFN subframes, where CSI-RS is not present in the subframe:
· For both slots, the base pattern should be used.
4) In MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, the base pattern should be used.
· For slot1, one of the shifted patterns should be used.
Note that by following the guidelines above, in each subframe, four 4-port CSI-RS can be accommodated.

Proposal 6: The DMRS pattern for each slot sTTI is defined separately based on the presence of CRS and CSI-RS in non-MBSFN and MBSFN subframes. 
Proposal 7: In non-MBSFN subframes, where CSI-RS is not present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, the base pattern should be used.
Proposal 8: In non-MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, use the same pattern as used for slot0. 
Proposal 9: In MBSFN subframes, where CSI-RS is not present in the subframe, for both slots, the base pattern should be used.
Proposal 10: In MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, the base pattern should be used.
· For slot1, one of the shifted patterns should be used.
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Figure 4: The DL DMRS pattern for slot0 and slot1 when CSI-RS is configured.
4	Interference Diversity for DL DMRS and sPDSCH 
In the legacy LTE, each DL codeword  is scrambled by a scrambling sequence  according to:

where, the scrambling sequence generator shall be initialized at the start of each subframe according to:

Using the same scrambling sequence generator for an sTTI operation is not desirable. This is because if the scrambling sequence is set at the subframe boundary, the same sequence will be used for multiple DL sTTIs. Hence, in order to gain from interference diversity, the scrambling sequence initialization should be dependent on the sTTI index. Further, the scrambling sequence can be dependent on whether it is used for the initial transmission or retransmissions. Hence, we have that:
Proposal 11: For the DL sTTI operation, each codeword is scrambled by a sequence that is initialized as:


It should be noted that for the same reason as mentioned above, it is desirable to reinitialize the scrambling sequence generator associated with the UE-specific RS of sPDSCH at each sTTI boundary. For sPDSCH DMRS, the sequence generator can be initialized by:

Proposal 12: For the sTTI operation, the UE-specific RS shall be scrambled by a sequence that is initialized as:


5	CSI reporting for sTTI operation
So far, it is agreed that aperiodic reporting is intended to be supported for sTTI operation. The reporting follows the same timeline as the sPUSCH. For example, when the UE is configured to follow the  timeline, the aperiodic reporting should also follow the same timeline. Given the very short processing timeline available at the UE under the sTTI operation, it is required to guarantee that the UE is not overloaded by processing too many CSI requests. To do this, multiple steps should be taken.
First, for a UE configured with more than one CSI process for a serving cell, from TS 36.213, we have that:
If a UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI reference resource (defined in Subclause 7.2.3) for all CSI processes except the  max(N_x-N_u,0) lowest-indexed CSI processes for the serving cell associated with the request when the UE has N_u  unreported CSI processes associated with other aperiodic CSI requests for the serving cell, where a CSI process associated with a CSI request shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding CSI is transmitted, and N_x is the maximum number of CSI processes supported by the UE for the serving cell.
The procedure mentioned above guarantees that the UE under TM10 will not be overloaded by processing too many CSI processes per cell. (Note: A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.) In fact, if the number of CSI processes requested to be reported is beyond the UE capability, the UE is not required to update all the CSI processes. Under the sTTI operation, and in cases that the UE is configured with more than one CSI process for a serving cell, the same procedure should be applied. However, the maximum number of CSI processes supported by the UE per serving cell under the 1ms TTI operation and sTTI operation should be defined separately.
Proposal 13: The maximum number of CSI processes supported by the UE for the serving cell is a UE capability and declared separately for the TTI and sTTI operations.
Another aspect to consider is whether the UE can be configured with a parameter eMIMO-type for FD-MIMO under the sTTI operation. Again, given the already short processing timeline available for the UE, it is desirable not to stress its timeline further by requiring it to provide CSI reports for the FD-MIMO operation. However, the eMIMO-type can be configured for a UE under the regular 1ms TTI operation.
Proposal 14: The parameter eMIMO-type shall not be configured under the sTTI operation.  
From Rel. 13, we have that:
“If a UE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSI report, the UE is not required to update CSI for more than 5 CSI processes from the CSI processes corresponding to all the triggered CSI
reports, in case the total number of serving cells in the primary and secondary PUCCH group is no more than 5. If a UE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe triggering more than  CSI reports, the UE is not required to update CSI for more than  CSI processes from the CSI processes corresponding to all the triggered CSI reports.”

Regardless of whether the UE is configured with a PUCCH-SCell or not, the same procedure as above should be defined for CSI reporting for sTTI operation to set a limit on the number of CSI processes that should be updated by a UE in the frequency domain. 
Proposal 15: If a UE receives multiple aperiodic CSI report requests in an sTTI triggering more than one CSI report, the UE is not required to update CSI for more than  CSI reports, where  is a UE capability and is declared for CSI reporting under the sTTI operation.

As discussed above, Proposal 15 sets a limit on the number of CSI processes that the UE is required to update in the frequency domain, i.e., across different CCs. Similar limitation should be introduced to set a limit on the number of CSI processes that the UE should update in the time-domain. Such a limitation can be introduced by following the rule defined for TM10 UEs as mentioned earlier in this section. The need for such a limitation can be better understood by an example: Let us assume that the UE reports , i.e., it is required to update CSI associated with 5 CSI requests across all carriers. In one sTTI, 3 CSI reports may be triggered. Based on its capability, the UE is required to process all 3 requests. However, in the consecutive sTTI, another 4 CSI reports may be triggered. Without a limit in the time-domain, the UE is now required to process the next 4 CSI requests, while at the same time, it is processing the first set of CSI requests. This stresses the UE’s timeline significantly. To circumvent this issue, we propose the following:

Proposal 16: The UE is not expected to update CSI associated with all sTTI CSI requests except the  when the UE has  unreported CSI associated with other aperiodic sTTI CSI requests. A CSI process associated with an sTTI CSI request shall only be counted as unreported in an sTTI before the sTTI where sPUSCH carrying the corresponding CSI is transmitted. The value of is a UE capability, and is defined as in Proposal 15.

If proposal 16 is adopted, then, upon receiving the second set of CSI requests, the UE has unreported CSI associated with the previous aperiodic sTTI CSI request. Hence, the UE is not required to update all, except the  CSI associated with the most recent request. The other 4 CSIs are reported based on stale information.
6	Miscellaneous Topics 
In RAN1 #90b, the following agreements were reached:
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



However, the sPRG size under the RAT2 has not yet been specified. Similar to the sPRG size under the RAT0, the sPRG size can be set to 2 RBs.
Proposal 17: Under RAT2, the sPRG size is of size 2 RBs for the sTTI operation.
So far, the DL pattern is not specified for the case of a 4-symbol PDCCH. For the sake of specification completeness, either a DL pattern should be specified, or it should be explicitly agreed that the sTTI operation is not supported for the system bandwidth of 1.4MHz.
Proposal 18: Either the DL pattern for the case of a 4-symbol PDCCH should be defined, or it should be agreed that the sTTI operation is not supported for the system bandwidth of 1.4MHz.
7	Conclusions 
Proposal 1: The DMRS pattern for each 2/3-symbol sTTI is defined separately based on the presence of CRS and CSI-RS in non-MBSFN and MBSFN subframes. 
Proposal 2: In non-MBSFN subframes if CSI-RS is not configured:
· For sTTIs with no CRS collision, the base pattern (pattern A) should be used.
· For sTTIs with CRS collision, one of the pattern B, C, or D should be used based on the shift used for CRS.
Proposal 3: In non-MBSFN subframes if CSI-RS is configured:
· For sTTI5, pattern B should be used for shift0, pattern E should be used for shift1 and pattern D should be used for shift 2. 
· For sTTIs with CRS and DMRS collision, i.e., sTTI0 for CFI = 1, sTTI1 for CFI = 1 and 3, and sTTI3, pattern B, C, or D should be used based on the CRS shift.
· For sTTI 2 and 4, pattern B should be used.
Proposal 4: In MBSFN subframes, where CSI-RS is not present, the base pattern A should be used.
Proposal 5: In MBSFN subframes, where CSI-RS is present:
· For sTTI 2, 4 and 5, pattern B should be used.
· In all other sTTIs, the base pattern should be used.

Proposal 6: The DMRS pattern for each slot sTTI is defined separately based on the presence of CRS and CSI-RS in non-MBSFN and MBSFN subframes. 
Proposal 7: In non-MBSFN subframes, where CSI-RS is not present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, the base pattern should be used.
Proposal 8: In non-MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, one of the shifted patterns associated with the CRS shift should be used.
· For slot1, use the same pattern as used for slot0. 
Proposal 9: In MBSFN subframes, where CSI-RS is not present in the subframe, for both slots, the base pattern should be used.
Proposal 10: In MBSFN subframes, where CSI-RS is present in the subframe:
· For slot0, the base pattern should be used.
· For slot1, one of the shifted patterns should be used.
Proposal 11: For the DL sTTI operation, each codeword is scrambled by a sequence that is initialized as:

Proposal 12: For the sTTI operation, the UE-specific RS shall be scrambled by a sequence that is initialized as:

Proposal 13: The maximum number of CSI processes supported by the UE for the serving cell is a UE capability and declared separately for the TTI and sTTI operations.
Proposal 14: The parameter eMIMO-type shall not be configured under the sTTI operation.  
Proposal 15: If a UE receives multiple aperiodic CSI report requests in an sTTI triggering more than one CSI report, the UE is not required to update CSI for more than  CSI reports, where  is a UE capability and is declared for CSI reporting under the sTTI operation.

Proposal 16: The UE is not expected to update CSI associated with all sTTI CSI requests except the  when the UE has  unreported CSI associated with other aperiodic sTTI CSI requests. A CSI process associated with an sTTI CSI request shall only be counted as unreported in an sTTI before the sTTI where sPUSCH carrying the corresponding CSI is transmitted. The value of  is a UE capability, and is defined as in Proposal 15.

Proposal 17: Under RAT2, the sPRG size is of size 2 RBs for the sTTI operation.
Proposal 18: Either the DL pattern for the case of a 4-symbol PDCCH should be defined, or it should be agreed that the sTTI operation is not supported for the system bandwidth of 1.4MHz.
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