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1 Introduction
In RAN1#84bis, the following agreements were made for legacy TTI and short TTI transmissions [1]: 

Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)

· FFS between:

· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)
· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier
· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast

Agreements:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)
· Dropping/prioritization rules (if any) are FFS 
In this paper, we discuss the simultaneous transmissions of normal TTI and sTTI.  
2 Discussion
2.1  DL transmission,
· Handling of simultaneous DL normal and sTTI targeting the same UE 

For the same UE, there are different behaviors in handling the simultaneous transmissions of normal TTI and sTTI depending on the UE capability, as follows:
· If a UE has the capability to support receiving and decoding PDSCH and sPDSCH simultaneously within a subframe, UE will decode PDCCH/EPDCCH for PDSCH transmission and sPDCCH for sPDSCH transmission in the same subframe. If the resource allocated for sPDSCH has partial or full overlap with the resource for PDSCH, UE should assume the overlapped resource on PDSCH being punctured by sTTI and decoding accordingly.  UE should provide HARQ-ACK feedback for both PDSCH and sPDSCH. 
· If a UE does NOT support the simultaneous PDSCH and sPDSCH transmission, following behaviors can be considered:
· Behavior 1: UE will decode both PDCCH/EPDCCH and sPDCCH in the same subframe. If UE detects valid DL assignments in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH, the UE should decode the sPDSCH and is not required to decode PDSCH. UE should provide HARQ-ACK feedback only for sPDSCH in this case. 
· Behavior 2: UE will decode PDCCH/EPDCCH to check any scheduled PDSCH transmission. If UE detects a valid DL grant for PDSCH transmission, UE will process PDSCH receiving and do not process any sPDSCH in the same subframe. It is up to eNB implementation to hold on the sTTI data coming in the middle of current subframe, to the next subframe. This behaviour will impose the additional scheduling latency to the latency critical traffic. In this behaviour, UE should keep on checking the sPDCCH in each sTTI in order to get UL sTTI grant, regardless whether PDSCH is scheduled in the subframe or not. 
Proposal 1: UE configured with sTTI should monitor both PDCCH/EPDCCH and sPDCCH in the same subframe, regardless simultaneous reception of PDSCH and sPDSCH in the same subframe is supported or not.  
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Figure 1: DL transmission of normal TTI and sTTI for the same UE
· Handling of simultaneous DL normal and sTTI targeting different UEs
If the simultaneous transmissions of normal TTI and sTTI targeting different UEs are overlapped in PHY resource, it is straightforward that the sTTI transmission should puncture the normal TTI. In this case, in order to alleviate the degradation of decode performance of normal TTI UE caused by puncturing, such puncturing may be indicated to the normal TTI UEs. 
As shown in figure 2, the control signaling DL grant_1 schedules a UE1 with normal TTI transmission on subframe #n. A sDCI schedules UE2 with sTTI within subframe #n. Normal TTI UE1 should be signaled in which time/frequency resources the PDSCH is punctured. There could be different ways to carry the indication signal of puncturing to UE1

1) The puncturing indication carried in PDCCH/EPDCCH in subframe n. As shown in figure 3, this will impose some prediction behavior in the eNB implementation to make some room for the future sTTI scheduling when scheduling normal TTI.

2) The puncturing indication carried in sPDCCH in the corresponding sTTI. As shown in figure 4, this does not require additional eNB scheduling implementation as in the above, but will mandate the normal TTI UE to also monitor sPDCCH. 
Proposal 2: How to alleviate the impact of UE reception of normal DL TTI due to puncturing by another UE’s DL sTTI transmission should be discussed. 
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Figure 2: The UE with normal TTI punctured by another UE with shortened TTI
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Figure 3: The puncturing indication carried in PDCCH.
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Figure 4: The puncturing indication carried in sPDCCH in the corresponding sTTI
2.2 UL transmission
· Handling of simultaneous UL normal and sTTI from the same UE
Similar as the DL case, a UE configured with sTTI should be able to monitor both PDCCH/EPDCCH and sPDCCH for UL grant, in order to been scheduled as soon as possible. If a UE is scheduled with a PUSCH and later with a sPUSCH in a same subframe, then it is preferred that UE only transmit one of them in a given time (i.e. a SC-FDMA symbol), in order to keep the single carrier property and avoid the power backoff due to the simultaneous transmission. Then two UE behaviors can be considered.
1) When a sPUSCH is scheduled, UE drop the on-going PUSCH transmission in the subframe totally, i.e. UE drop the whole PUSCH transmission from the time that the UL grant for sPUSCH transmission in the same subframe is decoded.

2) When a sPUSCH is scheduled, UE puncture the part of PUSCH transmission that overlapped with the scheduled sPUSCH, and resume PUSCH transmission after the sPUSCH transmission. 
The second option is preferred since the allocated PUSCH resource can be fully utilized for meaningful transmission without breaking UL single carrier. From link level performance evaluation shown in figure 6,7, it can be observed that the puncturing part of PUSCH is better than drop the whole PUSCH totally from the normal TTI UE perspective. Note that the solution applies to other UL channel combinations, e.g. PUSCH and sPUCCH in the same subframe. 
Proposal 3: UE configured with sTTI should monitor both PDCCH/EPDCCH and sPDCCH in the same subframe for UL grant, in order to be schedule as soon as possible
Proposal 4: For a given UE, if both PUSCH and sPUSCH are to be transmitted in the same subframe, the UE punctures the part of PUSCH (i.e. the SC-FDMA symbols) that overlapped with sPUSCH. 
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(a) case 1                                          (b) case 2                                 
                                               Figure 5: UL transmission of normal TTI and sTTI for the same UE
· Handling of simultaneous UL normal and sTTI from different UEs
In case eNB already scheduled a normal PUSCH transmission for a UE, when there is latency critical UL traffic to be scheduled from another UE by using sPUSCH and the UL resource have to overlap with the schedule PUSCH transmission, there is a collision issue. In this case, eNB can either terminate the PUSCH transmission, or puncture the PUSCH transmission, or delay the sPUSCH transmission to the next subframe. The latter one is not preferred since it will impose additional delay for latency critical traffic. 
· Link level simulations of punctured PUSCH
As mentioned in the above same UE case, some link level studies were done as the following:
Assume the punctured position are 5th and 6th symbol in UL subframe, we give the link level simulation results for the performance of punctured PUSCH. The code rate is fixed to 1/3. The detailed simulation parameters are shown in Appendix A. The simulation evaluates three cases：
(1) Single full PUSCH transmission: the PUSCH is not punctured and HARQ is disabled. This could correspond to a new PUSCH transmission after dropping previously. 
(2) Punctured single PUSCH transmission: the PUSCH is punctured and HARQ is disabled.

(3) Punctured single PUSCH with full PUSCH retransmission: the PUSCH is punctured and HARQ is enabled. In this case, if punctured PUSCH is incorrectly decoded, the PUSCH will be retransmitted without punctured. The max number of transmission is 2.

It can be seen from the results in figure 6,7, that the BLER performance of punctured single PUSCH has about 1-2dB loss compared to single full PUSCH, however, the punctured single PUSCH with full PUSCH retransmission has the best performance among them. Although in certain case like the numbers of punctured symbols is too large, PUSCH may not be decoded correctly and increase the retransmission times, puncturing the PUSCH is better than directly dropping PUSCH transmission as a whole.
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Figure 6: punctured PUSCH performance, EPA channel, 3km/h
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Figure 7: punctured PUSCH performance, ETU channel, 60km/h
· Indication of puncture 
Based on the above evaluation, it can be concluded that normal PUSCH puncturing provides better performance than the dropping method, while keeping the UL single carrier. It should then be discussed how the puncturing can be done by the UE. 

As shown in figure 8, assume the UL grant_1 in DL subframe #n schedules a UE1 to transmit PUSCH in UL subframe #n+4, and a sDCI UL grant in DL subframe #n+3 schedules another UE to transmit sPUSCH in UL subframe #n+4. There should be a way to indicate the UE1 to puncture the PUSCH transmission part (i.e. the SC-FDMA symbols) that overlapped with sPUSCH. As shown in figure 9 and figure 10, this could be done by either mandate UE1 to monitor sDCI, or some additional L1 control signaling. Some further discussion on the signaling method has to be discussed. 
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 Figure 8: The UE with normal TTI punctured by shortened TTI
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 Figure 9: Mandate UE1 to monitor sDCI
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 Figure 10: UE1 receive the indication in PDCCH/EPDCCH in subframe n+3
Observation 1: If the simultaneous transmissions of UL normal TTI and sTTI targeting from different UEs are overlapped in PHY resource, it is beneficial for the normal UL TTI UE to puncture the overlapped PUSCH SC-FDMA symbols, than dropping the whole PUSCH. 
Proposal 5: Further discuss the signaling methods to enable the normal TTI UE to puncture the part of PUSCH(i.e. the SC-FDMA symbols) that overlapped with another UE’s UL sTTI transmission.  
3 Conclusions
Based on the above discussion, we have the following proposals:
 Proposal 1: UE configured with sTTI should monitor both PDCCH/EPDCCH and sPDCCH in the same subframe, regardless simultaneous reception of PDSCH and sPDSCH in the same subframe is supported or not.  
Proposal 2: How to alleviate the impact of UE reception of normal DL TTI due to puncturing by another UE’s DL sTTI transmission should be discussed. 
Proposal 3: UE configured with sTTI should monitor both PDCCH/EPDCCH and sPDCCH in the same subframe for UL grant, in order to be schedule as soon as possible
Proposal 4: For a given UE, if both PUSCH and sPUSCH are to be transmitted in the same subframe, the UE punctures the part of PUSCH (i.e. the SC-FDMA symbols) that overlapped with sPUSCH.
Proposal 5: Further discuss the signaling methods to enable the normal TTI UE to puncture the part of PUSCH(i.e. the SC-FDMA symbols) that overlapped with another UE’s UL sTTI transmission.  
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5 Appendix A: evaluation assumptions table
	Parameter
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	14 symbols

	Punctured symbol
	5th and 6th symbol in subframe

	Allocated bandwidth
	25 PRBs 

	Channel model 
	EPA and ETU

	UE speed
	3km/h, 60km/h,

	Antenna configuration
	1Tx(UE), 2Rx(eNB), 

	CP length
	Normal

	Transmission mode
	TM 1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation and code rate
	64QAM 1/3, 16QAM 1/3, QPSK 1/3;

	HARQ retransmission
	Disabled/Enabled(max number transmission of 2) 

	Performance metrics
	BLER, THROUGHPUT
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