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Introduction
[bookmark: _Ref178064866]In RAN1#90bis, the following agreements have been made for UL DMRS for sPUSCH:
· For 1-slot sPUSCH, IFDMA with RPF=1 and 2 is supported. FFS configuration.
· For 2/3os and 1-slot sPUSCH, single codeword sPUSCH transmission for up to 4 layers is supported. The UE will indicate the number of supported layers for sPUSCH as UE capability, independent of UL sTTI length. No new precoder in the UL is defined.
· If 1-slot sPUSCH with 4 layers is supported, DMRS port multiplexing is supported by different cyclic shifts for RPF=1, and by combination of combs and cyclic shifts for RPF=2.
In this contribution, we provide our views on UL DMRS configuration, UL DMRS validity and UL CA power allocation. 

Discussion
Transmission schemes for sPUSCH
A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2. With TM1, the UE only monitors DCI format 0 which schedules a single layer transmission on a single antenna port. With TM2, the UE monitors both DCI format 0 and DCI format 4. This gives the flexibility to the eNB to schedule PUSCH on DCI format 0 (single antenna port) when DCI format 4 is affected by e.g. a RRC reconfiguration. In the current DCI format 4, only two bit fields have a size dependent on RRC configuration: the CSI request field and the field for precoding information and number of layers whose size depends on the number of antenna ports configured for TM2. 
It has been decided to support 4 layers on sPUSCH and aperiodic CSI request for short TTI. Consequently, the DCI format for scheduling sPUSCH with TM2 may change size depending on the RRC configuration. If no fallback Tx scheme exists for sPUSCH, the eNB has to schedule UL data transmission on PUSCH during RRC reconfiguration. For MBB traffic, this could be acceptable due to the expected rare occurrence of RRC reconfiguration. However, it is suboptimal considering the following agreement made in RAN1#90 where PUSCH transmissions can be dropped when switching to sPUSCH scheduling. The throughput loss induced in this situation could be avoided by supporting a fallback Tx scheme for sPUSCH that would correspond to single antenna port sPUSCH transmission.
	Agreement:
· In case of switching from the reception of PUSCH grants within TTIs n-WUL to n-1 (i.e. including all CCs) to the sPUSCH grant in TTI/subframe n (i.e. including all CCs):
· Whether the UE skips processing/transmission of PUSCH(s) is up to the UE implementation. 
· As in case of eLAA procedures, also in case of skipping, the UE should request data from higher layers based on the issued PUSCH grant(s)
· The value of WUL is a UE capability with the value range of 0 to k-1, where k is the 1ms TTI UL scheduling time. The UE indicates a separate capability per UL sTTI length.
· The UE should attempt to skip the processing/transmission of as small number of PUSCH(s) as possible.



In RAN1#90bis, it was discussed as part of the LTE URLLC WI and concluded that UEs can have both eMBB and URLLC traffic. For those kinds of UEs switching back to PUSCH transmission during RRC reconfiguration is not acceptable as it directly implies that the latency requirements of the URLLC traffic cannot be met. Supporting a fallback Tx scheme is required for URLLC UEs.
[bookmark: _Toc498704207]Supporting a fallback Tx scheme for sPUSCH is required for URLLC UEs

[bookmark: _Toc498608270]Support a fallback Tx scheme for sPUSCH transmission mode 2
In RAN1#90, the maximum blind decodes per sTTI on one CC was agreed to be 6 for 2/3os sTTI and 12 for 7os sTTI. To optimize the usage of the agreed total number of blind decodes, it is preferable to use the same short TTI DCI for the fallback tx scheme and the TM2 specific Tx scheme. A field in the short TTI DCI can be added to indicate which of the two transmission schemes is applied. Doing so, a DCI format size alignment among all DCI formats used for sPUSCH is required.
[bookmark: _Toc473632569][bookmark: _Toc473632580][bookmark: _Toc473632598][bookmark: _Toc473914647][bookmark: _Toc474158552][bookmark: _Toc478147597][bookmark: _Toc481741652][bookmark: _Toc481743896][bookmark: _Toc481762427][bookmark: _Toc490144477][bookmark: _Toc490260747][bookmark: _Toc490260805][bookmark: _Toc498608272]To optimize the usage of the agreed total number of blind decodes, the same DCI format is used to schedule both transmissions schemes. 
a. [bookmark: _Toc498608273]1 bit flag in the DCI to differentiate between the two transmission schemes 
UL DMRS Configuration 
UL DMRS configuration for 2/3os sPUSCH
To reduce the signalling overhead, it is suggested that only RPF=2 is supported for UL DMRS for 2/3os sPUSCH. In this way, no extra bit is needed for indicating the RPF value, i.e., RPF=1 or RPF=2, for 2/3os sPUSCH. Moreover, IFDMA RPF=2 with power boosting gives the similar channel estimation performance as for IFDMA RPF=1.
[bookmark: _Toc498608274]Support only RPF = 2 for UL DMRS for 2/3os sPUSCH.
Considering that the agreed DMRS and data combinations support DMRS multiplexing of up to two consecutive sTTIs, and that up to 2 combs is supported for IFDMA based DMRS for sTTI, we propose to use a 1-bit filed to indicate the cyclic shift and comb index for the UL DMRS configuration. The mapping table is shown in Table 1. The DMRS port multiplexing is supported by combination of combs and cyclic shifts for 4-layer 2/3os sPUSCH.


[bookmark: _Ref497225429]Table 1 Mapping of 1-bit Cyclic Shift Field in uplink-related DCI format to  and 
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[bookmark: _Toc498608275]The DMRS port multiplexing is supported by combination of combs and cyclic shifts for 4-layer 2/3os sPUSCH.
[bookmark: _Toc498608276]Use a 1-bit filed to indicate the cyclic shift and comb index for the UL DMRS configuration for 2/3os sPUSCH.
UL DMRS for 1-slot sPUSCH

For 1-slot sPUSCH transmission, both RPF=1 and RPF=2 are supported. Therefore, we propose to have a 1-bit field to indicate the IFDMA configuration (RPF=1 or 2), and a 1-bit field to indicate the cyclic shift and comb index. The mapping table for 2/3os sPUSCH, i.e., Table 1,  can be reused for 1-slot sPUSCH. Note that the same table can be shared for RPF=1 and RPF=2. In case of RPF=1, the configuration for is ignored.
[bookmark: _Toc498608277]Use a 1-bit filed to indicate the IFDMA configuration, and a 1-bit filed to indicate the cyclic shift and comb index for the UL DMRS configuration for 1-slot sPUSCH.
[bookmark: _Toc498608278]Define a uniformed mapping table of cyclic shift and comb index configuration for 2/3os and 1-slot sPUSCH.
UL DMRS validity
For 2/3-symbol sPUSCH, DMRS sharing is supported for the transmission of consecutive sTTIs from one UE to reduce the DMRS overhead. The DMRS transmitted in the first scheduled sTTI is used by the eNodeB for channel estimation of all the scheduled consecutive sTTIs to perform coherent demodulation of the received data. Considering the agreed DMRS signaling patterns in RAN1#89, DMRS sharing is supported for up to 3 consecutive sTTIs within a slot. There can be cases where the UE does not correctly detect the UL grant containing the UL DMRS position. In that case, it is not possible for the eNB to demodulate the following UL sTTI containing only data symbols. To avoid unnecessary uplink interference, a UE should cancel the uplink data transmission, in case the UL sDCI which contains the associated DMRS information is missed.
[bookmark: _Toc490231539][bookmark: _Toc498608279]Specify a rule for the UE behavior to avoid unnecessary uplink interference, i.e., a UE should cancel the transmission in case the UL sDCI which contains the associated DMRS information is missed.
UL CA Power Allocation
At RAN1#90, RAN1 made the following agreement related to allowing different UL TTI lengths across PUCCH groups. As noted in the agreement, the power allocation is still to be decided upon which is the subject of this section.
	Agreement:
· RAN2 specification should allow for different UL sTTI lengths to be configured for the serving cells across different PUCCH groups for which sTTI operation is configured. Such a configuration might be restricted in RAN1 specifications later on.
· NOTE: Power allocation and applicable band combinations for this case is FFS
· NOTE: No specific optimization for power allocation is intended



At RAN1#90b, the following relating to UE capability was also agreed:
	Agreement:
Simultaneous transmission of different TTI lengths across different carriers are allowed only if a UE reports the capability. A common capability/configuration is defined regardless of UL TTI length combinations. The capability is defined per band/band combination. The UE capability is not separated per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH},{sPUSCH,sPUSCH},{sPUSCH,sPUCCH},{sPUCCH,sPUCCH})



There is also an LS response from RAN4 (see R1-1719323 ) coming into RAN1#91 relating to power splitting, where the following is communicated. 
	1. For intra-band UL CA with different sTTI lengths, it is very hard to maintain power and phase continuity in the longer TTI because both TTIs are assumed to share a same PA.
2. However, intra-band CA among TTIs of same length and TAG can be supported and phase continuity for each of the TTI could be maintained. 
3. For inter-band UL CA with different sTTI lengths, it is feasible to maintain power and phase continuity when UE is not power limited because different TTIs are assumed to have separate PA.
4. For inter-band UL CA with different sTTI lengths, it is very hard to maintain power and phase continuity for all TTIs in power limited case because the power for at least one TTI should be reduced to meet total power requirement. Some solutions (like dropping rules or power reservation) could be introduced to maintain power and phase continuity and depend on RAN1 decision.



Hence, it needs to be solved how the UE should behave in case it is power limited, but is capable of simultaneous transmission of different (s)TTI lengths.
In case the UE is not aware of the overlapping allocations (the time to recalculate its power allocation/PCMAX is not enough), an option could be to assume that the UE does not know about the later overlapping transmissions, and the power allocation is performed by ensuring at least a level of guaranteed power for each carrier. The same procedure is used in Dual connectivity power guarantee procedure for MCG and SCG.


[bookmark: _Ref480476067]Figure 1: DC power allocation procedure (left), example of TTI, sTTI required power (middle), outcome of a DC-like power allocation for sTTI (right)
In case of sTTI/sTTI or sTTI/TTI overlapping, without the UE being aware of the overlapping shorter allocation, it should be considered that the shorter transmission is typically considered of higher importance, as well as more frequently being in a coverage limited scenario. Hence, there is an interest to reserve a large part of the power for the guaranteed power for sTTI. However, if the eNB would allocate a large portion of the guaranteed power to sTTI, the TTI power would be largely sub-optimum in case no sTTI transmission would occur in the end in the subframe. Hence, these two allocation strategies are in direct conflict with each other.
[bookmark: _Toc477944986][bookmark: _Toc477945950][bookmark: _Toc478119289][bookmark: _Toc478119302][bookmark: _Toc478119312][bookmark: _Toc480476660][bookmark: _Toc480476710][bookmark: _Toc480476899][bookmark: _Toc480981369][bookmark: _Toc481679584][bookmark: _Toc481682871][bookmark: _Toc481682906][bookmark: _Toc481684549][bookmark: _Toc481746829][bookmark: _Toc489544280][bookmark: _Toc489548581][bookmark: _Toc489548813][bookmark: _Toc489868660][bookmark: _Toc490223841][bookmark: _Toc494358736][bookmark: _Toc498704208]Using a DC-like power allocation scheme between PUCCH TTI lengths would likely result in a sub-optimum allocation of power for the TTI transmissions
At the same time, compared to the DC-case, the eNB would be in control of the simultaneous scheduling of a long TTI and a shorter TTI and would preferably avoid scheduling a UE being power limited resulting in the above-mentioned problems. In DC-case, an extension to the power allocation was needed because both the UE and the eNB were not aware in a timely manner of concurrent scheduling decisions in carriers belonging to another cell group. In the sTTI case, only the UE may not process fast enough to take appropriate actions from the received scheduling on different UL carriers. The same eNB is taking the scheduling decisions for the UL carriers with long TTI and the UL carriers with shorter TTI. The eNB should preferably schedule fewer UL carriers if the UE is power limited. It should be noted that a DC like power allocation will prevent the eNB to schedule a single UL carrier with full power. With DC like power allocation, an UL transmission cannot use more than the guaranteed power + the shared power. 
[bookmark: _Toc489868661][bookmark: _Toc490223842][bookmark: _Toc494358737][bookmark: _Toc498704209]If an UL CA UE becomes power limited, the number of UL carriers scheduled is typically reduced to ensure sufficient quality on the scheduled carriers
[bookmark: _Toc489868662][bookmark: _Toc490223843][bookmark: _Toc494358738][bookmark: _Toc498704210]A DC-like power allocation scheme does not allow UL transmission with full power on a carrier (for power-limited UEs)
If the network still has scheduled TTI and sTTI, or, sTTI of different lengths on different carriers, resulting in power limitation, a simple approach could be taken to save the more important transmissions. In order to not become power limited, either all carriers of the lower prioritized TTI length can be dropped, or just enough carriers not to be power limited.
The above reasoning can be summarized as follows:
[bookmark: _Ref481682592][bookmark: _Toc481682875][bookmark: _Toc481682910][bookmark: _Toc481684554][bookmark: _Toc481746834][bookmark: _Toc489544284][bookmark: _Toc489548585][bookmark: _Toc489548818][bookmark: _Toc489868666][bookmark: _Toc490223847][bookmark: _Toc494358749][bookmark: _Ref498584773][bookmark: _Toc498608280][bookmark: _Toc494358751]In case the UE becomes power limited when simultaneously transmitting different TTI lengths on different carriers, the number of carriers of the longer TTI for the UE to no longer be power limited is dropped
If following Proposal 9, the power allocation would be optimum for the case of mixing TTI lengths in case the UE is not power limited, and it would be under network control to prevent a power limited situation to occur through proper scheduling. Still, if it occurs, the UE would have a procedure to handle it. 
In case carriers using longer TTI is dropped, they might be carrying HARQ-ACK. In order not to lose the important HARQ-ACK information, it is proposed that the HARQ-ACK for the longer (s)TTI is included in the shorter TTI transmission.
[bookmark: _Toc498608281]In case the UE becomes power limited and carriers of the longer TTI are dropped, the HARQ-ACK of the dropped carriers are mapped to the shorter TTI channels not dropped.
A limitation to the above proposal is however considered in case of remapping of HARQ-ACK bits, which should not be supported.
[bookmark: _Toc498608282]In case the UE becomes power limited and carriers of the longer TTI are dropped, the remapping of HARQ-ACK bits from dropped channels are only performed within the same PUCCH group
Power Headroom Reporting
The following agreements have been made related to power headroom reporting over the RAN1 reflector since RAN1#90b:
	Agreement:
· PHR can be transmitted via either sPUSCH or PUSCH on a serving cell configured with sTTI operation.
· If transmitting PHR on sPUSCH is supported, both type 1 and type 2 PHR are supported.
· The calculation of PHR for sTTI follows the same principle as the PHR equation for 1ms TTI 
· PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH} for type 1 PHR
PH for a sTTI and a given carrier = {Maximum allowed power – Estimated power for sPUSCH and sPUCCH} for type 2 PHR



When transmitting PHR on sPUSCH, it is of interest to get an understanding of the power allocation not only for the carriers configured with sTTI but also for 1 ms carriers. In this case, the power headroom report transmitted on sPUSCH would be compiled of both 1 ms PHR and sTTI PHR.
[bookmark: _Hlk498443854][bookmark: _Toc498608283][bookmark: _Hlk498581692]For a PHR report transmitted on sPUSCH, all activated carriers shall be considered (irrespective of the configuration of sTTI for a given carrier)
[bookmark: _Toc498608284]For a PHR report transmitted on sPUSCH, the configured TTI length for a given carrier is used for the PHR calculation. In case the configured TTI length is not transmitted, a virtual PHR is reported, assuming the configured TTI length
In case the PHR is transmitted on PUSCH, the behaviour is a bit different since it is not possible to know in advance for a carrier configured with sTTI, if sTTI is scheduled or not. To avoid requirements on timing to take scheduling of sTTI into account for 1 ms reporting, it is proposed to simply always use 1 ms as reference for the PHR on PUSCH, and that a virtual PHR is transmitted in all cases except when PUSCH is scheduled.
[bookmark: _Toc498608285]For a PHR report transmitted on PUSCH, the 1 ms TTI length for a given carrier is used for the PHR calculation. In case 1 ms TTI length is not transmitted, a virtual 1 ms based PHR is reported.
Conclusion
Based on the discussion in section 2 we observe the following:
Observation 1	Supporting a fallback Tx scheme for sPUSCH is required for URLLC UEs
Observation 2	Using a DC-like power allocation scheme between PUCCH TTI lengths would likely result in a sub-optimum allocation of power for the TTI transmissions
Observation 3	If an UL CA UE becomes power limited, the number of UL carriers scheduled is typically reduced to ensure sufficient quality on the scheduled carriers
Observation 4	A DC-like power allocation scheme does not allow UL transmission with full power on a carrier (for power-limited UEs)

Based on the discussion in section 2 we propose the following:
Proposal 1	Support a fallback Tx scheme for sPUSCH transmission mode 2
Proposal 2	To limit the number of blind decodes, the same DCI format is used to schedule both transmissions schemes.
a.	1 bit flag in the DCI to differentiate between the two transmission schemes
Proposal 3	Support only RPF = 2 for UL DMRS for 2/3os sPUSCH.
Proposal 4	The DMRS port multiplexing is supported by combination of combs and cyclic shifts for 4-layer 2/3os sPUSCH.
Proposal 5	Use a 1-bit filed to indicate the cyclic shift and comb index for the UL DMRS configuration for 2/3os sPUSCH.
Proposal 6	Use a 1-bit filed to indicate the IFDMA configuration, and a 1-bit filed to indicate the cyclic shift and comb index for the UL DMRS configuration for 1-slot sPUSCH.
Proposal 7	Define a uniformed mapping table of cyclic shift and comb index configuration for 2/3os and 1-slot sPUSCH.
Proposal 8	Specify a rule for the UE behavior to avoid unnecessary uplink interference, i.e., a UE should cancel the transmission in case the UL sDCI which contains the associated DMRS information is missed.
Proposal 9	In case the UE becomes power limited when simultaneously transmitting different TTI lengths on different carriers, the number of carriers of the longer TTI for the UE to no longer be power limited is dropped
Proposal 10	In case the UE becomes power limited and carriers of the longer TTI are dropped, the HARQ-ACK of the dropped carriers are mapped to the shorter TTI channels not dropped.
Proposal 11	In case the UE becomes power limited and carriers of the longer TTI are dropped, the remapping of HARQ-ACK bits from dropped channels are only performed within the same PUCCH group
Proposal 12	For a PHR report transmitted on sPUSCH, all activated carriers shall be considered (irrespective of the configuration of sTTI for a given carrier)
Proposal 13	For a PHR report transmitted on sPUSCH, the configured TTI length for a given carrier is used for the PHR calculation. In case the configured TTI length is not transmitted, a virtual PHR is reported, assuming the configured TTI length
Proposal 14	For a PHR report transmitted on PUSCH, the 1 ms TTI length for a given carrier is used for the PHR calculation. In case 1 ms TTI length is not transmitted, a virtual 1 ms based PHR is reported.

[bookmark: _In-sequence_SDU_delivery]References
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