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1. Introduction
As RAN1 completes physical layer design for sTTI and sPT feature, RAN4 is tasked to start work on demodulation performance for these new LTE enhancement features from RAN4 #86. As sTTI feature introduced a set of new downlink physical channels, i.e., SPDCCH and SPDSCH, it would be essential to specify corresponding demodulation performance requirements in RAN4 to guarantee appropriate demodulation performance. sPT feature did not introduce new physical channel but specified new physical layer procedure based on n+3 processing time. RAN4 should investigate need/feasibility of demodulation test to verify n+3 processing time in DL demodulation for UE supporting sPT feature. In this contribution, we provide analyses on physical layer design of sTTI and sPT feature and proposals for demodulation performance requirements that RAN4 needs to work on. 
2. Demodulation performance requirements for slot TTI operation
RAN1 specified slot TTI as one flavor of shortened TTI for FS1 and FS2. Slot TTI operation for DL is specified by introducing SPDCCH and SPDSCH with 7 OFDM symbol TTI for DL physical channel and SPUSCH and SPUSCH with 7 OFDM symbol TTI for UL physical channel. Slot TTI operation can be configured per CC via RRC when UE indicates capability for slot TTI operation. For slot TTI operation, SPDSCH demodulation and SPUSCH transmission should follow n+4 processing time and max TA is 310 us. Figure 1 illustrates slot TTI structure in DL. 
2.1. SPDCCH demodulation
sDCI is newly defined for DL control channel for slot TTI operation. sDCI is transmitted via PDCCH in slot 0 in a subframe and independent sDCI search space was specified for sDCI transmission on top of existing CSS (common search space) and USS (UE-specific search space) for legacy DCI transmission. 
Proposal 1. RAN4 should consider verification of sDCI search space handling in PDCCH region in slot 0 of slot TTI. 
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Figure 1. Slot TTI structure in downlink
On the other hand, SPDCCH was specified as new physical channel to transmit sDCI in slot 1 of slot TTI. Figure 2 illustrates SPDCCH structure in slot TTI operation. SPDCCH design for slot TTI operation can be summarized as
· UE can be configured with 2 SPDCCH RB sets for non-MBSFN subframes and 2 SPDCCH RB sets for MBSFN subframes. 
· CRS-based SPDCCH uses CRS as reference signal and, spans 1 or 2 OFDM symbols and supports SFBC with up to 4 ports. The number of antenna ports can be determined by PBCH. CRS-based SPDCCH can be used only in non-MBSFN subframe. 
· For DMRS based SPDCCH, single port transmission is specified than spans first 2 OFDM symbol of the slot with PRB bundling over 2 RBs. DMRS-based SPDCCH can be used both in MBSFN and non-MBSFN subframe. 

· OCC2 DMRS port 7 for SPDSCH illustrated in figure 3 is reused for SPDCCH. Note that base pattern in figure 3 is used when SPDCCH is transmitted in MBSFN subframe and shifted patterns to avoid collision with CRS are used when SPDCCH is transmitted in non-MBSFN subframe
· CRS-based SPDCCH can be used for scheduling CRS-based SPSCH and DMRS-based SPDCCH. DMRS-based SPDCCH can be used for scheduling only DMRS-based SPDCCH. 
· SREG consists of 1 RB within 1 OFDM symbol.

[image: image2.emf]SPDSCH

SPDCCH

SPDSCH

SPDCCH


(a) 1 symbol SPDCCH (only CRS)                                     (b) 2 symbol SPDCCH (CRS/DMRS)

Figure 2. SPDCCH structure in slot 1 of slot TTI
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Figure 3. DM-RS pattern for SPDCCH and SPDSCH

· Both localized and distributed SREG-to-SCCE mapping is defined. Figure 4 illustrates SREG-to-SCCE mapping for localized/distributed CRS-based SPDSCH and DMRS-based SPDCCH. 
· SPDCCH search space is configured by RRC signaling in terms of number of candidates ML for aggregation level L. Aggregation level can be 1, 2, 4, and 8. UE’s search space size is limited to 32 SCCEs for SPDCCH in slot TTI operation. 
          [image: image4.emf].
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Figure 4. SREG-to-SCCE mapping
Based on the review of SPDCCH design in slot TTI operation, we would like to propose following. 
Proposal 2. RAN4 should consider verification of following aspects for SPDCCH in slot TTI operation. 

· CRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping in non-MBSFN subframe
· DMRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping in both MBSFN and non-MBSFN subframe
2.2. SPDSCH demodulation
As shown in figure 1, SPDSCH occupies one slot in slot TTI operation. In slot 0, SPDSCH occupies OFDM symbols other than legacy control symbols. In slot 1, SPDSCH occupies all OFDM symbols in slot 1 and SPDSCH and SPDCCH are FDM-multiplexed in OFDM symbols carrying SPDCCH. SPDSCH design for slot TTI operation can be summarized as

· All legacy transmission modes are supported for SPDCH in slot TTI operation. 

· Separate transmission modes can be configured for non-MBSFN subframes and MBSFN subframes

· UE needs to monitor only TM-dependent sDCI format for DL grant and fallback to TM2 is not supported for SPDSCH
· Only 1 CW PDSCH with maximum of 4 layers is supported
· Legacy TBS table is reused with TBS size scaling factor of 0.5
· Resource allocation type 0 and type 2 are supported with increased resource allocation granularity
· For CRS-based SPDSCH, legacy CRS is used as reference signal for SPDSCH demodulation
· For DMRS-based SPDSCH, OCC2 DMRS that spans 2 OFDM symbols as shown in figure 3 is used as reference signal for SPDSCH demodulation
· For DMRS-based SPDSCH, PRB bundling is used with PRG size of 2 RBs. PRG with single RB is not used for DMRS-based SPDSCH. 
Based on the review of SPDSCH design in slot TTI operation, we would like to propose following. 

Proposal 3. RAN4 should consider verification of following aspects for SPDSCH in slot TTI operation. 

· CRS-based SPDSCH demodulation performance in non-MBSFN subframe for SPDSCH with different ranks
· DMRS-based SPDSCH demodulation performance in both MBSFN and non-MBSFN subframe for SPDSCH with different ranks
2.3. SPDSCH rate matching around SPDCCH resources

Another aspect to consider for SPDSCH demodulation is SPDSCH rate matching around SPDCCH resources. As shown in figure 2, SPDSCH and SPDCCH are FDM-multiplexed in first 1 or 2 OFDM symbols carrying SPDCCH in slot TTI. PRBs for SPDCCH are RRC configured by SPDCCH RB set configuration in a semi-static way. On the other hand, actual mapping of SPDCCH on SPDCCH resource can vary and some RBs might left unused. In this case, it will be beneficial to reclaim unused SPDCCH RBs for PDSCH data transmission. 
For SPDSCH rate matching around SPDCCH resources, RAN1 specified semi-static rate matching mode and dynamic rate matching mode. In semi-static rate matching mode, one of following rate matching modes are specified for each RB set via RRC configuration. 
· Mode 1: UE only rate-matches around the sDCI scheduling SPDSCH if transmitted in the RB set. Otherwise, no rate matching is performed for the RB set
· Mode 2: UE rate-matches around the entire RB set irrespective of SPDCCH transmission in the RB set 

· Mode 3: UE rate-matches around the entire RB set if sDCI scheduling SPDSCH is found. Otherwise, rate matching is performed for the RB set
· Mode 4: UE rate-matches around the entire RB set if sDCI scheduling SPDSCH is not found. Otherwise, UE only rate-matches around the sDCI scheduling SPDSCH
In dynamic rate matching mode, 2 DCI bits are assigned to indicate rate matching with following operation. 
· When 0 bit is assigned to an RB set, PDSCH rate matching follows semi-static configuration

· When 1 bit is assigned to an RB set, 1 bit indicates SPDSCH rate matching for the entire RB set
· When 2 bits are assigned to an RB set, RBs within the RB set are split into two groups and each bit indicates SPDSCH rate matching around the group

Proposal 4. RAN4 should consider verification of SPDSCH rate matching around SPDCCH resources for both semi-static and dynamic rate matching mode in slot TTI SPDSCH demodulation test. 
3. Demodulation performance requirements for sub-slot TTI operation

RAN1 specified sub-slot TTI as another flavor of shortened TTI operation applicable to only FS1. Sub-slot TTI operation for DL is specified by introducing SPDCCH and SPDSCH with 2/3 OFDM symbol TTI for DL physical channel and SPUSCH and SPUSCH with 2/3 OFDM symbol TTI for UL physical channel. Sub-slot TTI operation can be configured per CC via RRC signaling by network when UE indicates capability for sub-slot TTI operation. For sub-slot TTI operation, SPDSCH demodulation and SPUSCH transmission can follow one of following. 
· Set 1: n+4/n+6 processing time with max TA of 67/350 us
· Set 2: n+6/n+8 processing time with max TA of 167/450 us

UE can indicate processing time line capability in terms of set 1 or set 2 separately for 
· CRS-based SPDCCH configuration with 1 OFDM symbol

· CRS-based SPDCCH configuration with 2 OFDM symbol

· DMRS-based SPDCCH configuration

Figure 5 illustrates sub-slot TTI structure in DL. Note that there can be up to 6 sTTIs in one subframe and OFDM symbols for sTTI0 and sTTI1 are dependent on number of legacy control symbols. 
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Figure 5. Sub-slot TTI structure in DL

3.1. SPDCCH demodulation

sDCI is newly defined for DL control channel for sub-slot TTI operation. sDCI is transmitted via PDCCH in sTTI0 in a subframe and independent sDCI search space was specified for sDCI transmission on top of existing CSS (common search space) and USS (UE-specific search space) for legacy DCI transmission. 

Proposal 5. RAN4 should consider verification of sDCI search space handling in PDCCH region in sTTI0 of sub-slot TTI. 

On the other hand, SPDCCH was specified as new physical channel to transmit sDCI in sTTI1~sTTI5 of sub-slot TTI. Figure 5 illustrates SPDCCH structure in sub-slot TTI operation. SPDCCH design for sub-slot TTI operation can be summarized as

· UE can be configured with 2 SPDCCH RB sets for non-MBSFN subframes and 2 SPDCCH RB sets for MBSFN subframes. SPDCCH RB set definition in a subframe is applied to all sTTIs within the subframe. 
· CRS-based SPDCCH uses CRS as reference signal and, spans 1 or 2 OFDM symbols and supports SFBC with up to 4 ports. The number of antenna ports can be determined by PBCH. CRS-based SPDCCH can be used only in non-MBSFN subframe. 

· For DMRS based SPDCCH, single port transmission is specified than spans the whole sTTI duration, i.e., 2 OFDM symbols in 2 symbol sTTI and 3 OFDM symbols in 3 symbol sTTI. PRB bundling is used with PRG size of 2 RBs. DMRS-based SPDCCH can be used both in MBSFN and non-MBSFN subframe. 

· OCC2 DMRS port 7 for SPDSCH illustrated in figure 3 is reused for SPDCCH. DMRS occupies first 2 OFDM symbols of sTTI. Note that base pattern in figure 3 is used when OFDM symbols for sTTI does not collide with CRS symbols and shifted patterns are used when OFDM symbols for sTTI collides with CRS symbols. 
· CRS-based SPDCCH can be used for scheduling CRS-based SPSCH and DMRS-based SPDCCH. DMRS-based SPDCCH can be used for scheduling only DMRS-based SPDCCH. 
· SREG definition, SREG-to-SCCE mapping for SPDCCH are same between slot TTI and sub-slot TTI
· SPDCCH search space is similar between slot TTI and sub-slot TTI operation except for search space size limit and maximum number of candidates per aggregation level.  
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Figure 5. SPDCCH structure in sub-slot TTI
Based on the review of SPDCCH design in sub-slot TTI operation, we would like to propose following. 

Proposal 6. RAN4 should consider verification of following aspects for SPDCCH in sub-slot TTI operation. 

· CRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping

· DMRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping

3.2. SPDSCH demodulation
As shown in figure 4, SPDSCH occupies 2 or 3 OFDM symbols in sub-slot TTI operation. SPDSCH and SPDCCH are either TDM or FDM-multiplexed depending on SPDCCH structure. SPDSCH design for sub-slot TTI operation is same as slot-TTI operation except that 
· Legacy TBS table is reused with TBS size scaling factor of 1/6
· For DMRS-based SPDSCH, DM-RS can be shared between two adjacent sTTIs. 1 bit DMRS indication field is added to sDCI to indicate whether DMRS is present or absent. If DMRS is absent, UE should use DMRS in previous sTTI for SPDSCH demodulation. 
Based on the review of SPDSCH design in sub-slot TTI operation, we would like to propose following. 

Proposal 7. RAN4 should consider verification of following aspects for SPDSCH in sub-slot TTI operation. 

· CRS-based SPDSCH demodulation performance for SPDSCH with different ranks

· DMRS-based SPDSCH demodulation performance for SPDSCH with different ranks with and without DMRS sharing
Specification for SPDSCH rate matching around SPDCCH resources applies also to SPDSCH demodulation in sub-slot TTI operation. 

Proposal 8. RAN4 should consider verification of SPDSCH rate matching around SPDCCH resources for both semi-static and dynamic rate matching mode in sub-slot TTI SPDSCH demodulation test. 

4. Demodulation performance requirements for sPT operation

sPT operation was specified so that UE can demodulate PDSCH and transmit PUSCH with n+3 timing with legacy 1ms TTI. Since legacy 1ms TTI is used, there is no modification in physical layer channel in both DL and UL. sPT operation is supported for FS1, FS2 and FS3 and eNB can configure sPT operation per CC via RRC signaling. sPT operation is supported only for PDCCH-based DCI transmission. To relax the UE’s processing time burden, maximum TA was relaxed to 200 us in sPT operation. In sPT operation, timing for following procedure was changed from n+4 to n+3. 
· PDSCH reception to HARQ ACK/NACK transmission

· UL grant reception to PUSCH transmission

· Aperiodic CSI trigger to CSI feedback transmission 
· Aperiodic SRS trigger to SRS transmission

For UE demodulation, the only impact from sPT operation is that HARQ ACK/NACK transmission time is reduced from n+4 to n+3. 
Proposal 9. RAN4 should consider verification of n+3 PDSCH demodulation processing time in sPT operation. 

5. Conclusion

In this contribution, we provided analyses on physical layer design of sTTI and sPT feature. Based on the analyses, we made following proposals. 
Proposal 1. RAN4 should consider verification of sDCI search space handling in PDCCH region in slot 0 of slot TTI. 

Proposal 2. RAN4 should consider verification of following aspects for SPDCCH in slot TTI operation. 

· CRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping in non-MBSFN subframe

· DMRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping in both MBSFN and non-MBSFN subframe

Proposal 3. RAN4 should consider verification of following aspects for SPDSCH in slot TTI operation. 

· CRS-based SPDSCH demodulation performance in non-MBSFN subframe for SPDSCH with different ranks

· DMRS-based SPDSCH demodulation performance in both MBSFN and non-MBSFN subframe for SPDSCH with different ranks

Proposal 4. RAN4 should consider verification of SPDSCH rate matching around SPDCCH resources for both semi-static and dynamic rate matching mode in slot TTI SPDSCH demodulation test. 

Proposal 5. RAN4 should consider verification of sDCI search space handling in PDCCH region in sTTI0 of sub-slot TTI. 

Proposal 6. RAN4 should consider verification of following aspects for SPDCCH in sub-slot TTI operation. 

· CRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping

· DMRS-based SPDCCH demodulation performance with localized and distributed SREG-to-SCCE mapping

Proposal 7. RAN4 should consider verification of following aspects for SPDSCH in sub-slot TTI operation. 

· CRS-based SPDSCH demodulation performance for SPDSCH with different ranks

· DMRS-based SPDSCH demodulation performance for SPDSCH with different ranks with and without DMRS sharing

Proposal 8. RAN4 should consider verification of SPDSCH rate matching around SPDCCH resources for both semi-static and dynamic rate matching mode in sub-slot TTI SPDSCH demodulation test. 

Proposal 9. RAN4 should consider verification of n+3 PDSCH demodulation processing time in sPT operation. 
8
7

_1578212651.vsd
SPDSCH


SPDCCH


SPDSCH


SPDCCH



_1578226975.vsd
SPDSCH


SPDCCH


SPDSCH


SPDSCH


2 symbol sTTI with 1 symbol CRS-based SPDCCH


SPDCCH


SPDSCH


2 symbol sTTI with 2 symbol CRS/DMRS-based SPDCCH


SPDSCH


SPDCCH


SPDSCH


SPDSCH


3 symbol sTTI with 1 symbol CRS-based SPDCCH


SPDSCH


SPDCCH


SPDSCH


SPDSCH


3 symbol sTTI with 2 symbol CRS-based SPDCCH


SPDSCH


SPDSCH


SPDSCH


SPDCCH


3 symbol sTTI with 3 symbol DMRS-based SPDCCH



