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1
Introduction
The support of simultaneous PDSCH and sPDSCH operation is still unclear. Some progress on joint legacy TTI PDSCH (PDSCH) and short TTI PDSCH (sPDSCH) operation has been made and the following related agreements are available from RAN1#84bis [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

In this contribution we focus on FFS points, which basically are all around the question if simultaneous unicast PDSCH and unicast sPDSCH should be possible. 
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Needed correction of the available agreement

At RAN1#84bis, there has been the intention to describe in the agreement that having in a subframe non-unicast PDSCH, the UE is required to be able to receive a single legacy TTI unicast PDSCH (i.e. Rel-8 to Rel-13 behavior). Similarly for short TTI sPDSCH, the UE should be able to receive 1ms non-unicast PDSCH and for the low latency operation one or several short TTI unicast PDSCH(s) within a subframe. 

Unfortunately in the agreement (shown in Section 1) the usage of singular and plural in terms of ‘PDSCH(s)’ has been exchanged. The currently agreed version would imply a change of the legacy TTI operation behavior as well as limit the number of received short TTI PDSCH within subframe to a single one.  
Moreover, as reduced processing time operation for 1ms is to be specified, it would be better to not talk about ‘legacy TTI’ but use the term 1ms TTI instead when talking about subframe TTI length according to the current terms in the WID [1].
We therefore, propose to correct the related agreement from RAN1#84bis [2] to (changes in red):

Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy 1ms TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH(s)
· Receiving legacy 1ms TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy 1ms TTI unicast PDSCH(s)
3
Discussion on simultaneous PDSCH & sPDSCH
RAN1 already agreed, that at least non-unicast PDSCH decoding (e.g. legacy decoding of SIB information using legacy TTI) is required for sTTI UEs simultaneously with at least either unicast 1ms PDSCH or unicast sPDSCH. 

One open issue is if the UE is required/allowed to receive PDSCH unicast (i.e. 1ms TTI) and sPDSCH unicast (i.e. sTTI) simultaneously within the same subframe. 

A dynamic operation of 1ms PDSCH unicast and sTTI sPDSCH unicast is clearly needed and has been agreed already (last bullet of the agreements above). However, there would need to be a clear motivation for enabling unicast sPDSCH and PDSCH reception for a single UE within a subframe. As dynamic operation of 1ms PDSCH and sTTI PDSCH (with a subframe to subframe granularity) is supported, this basically means that for each subframe the eNB is already able to schedule the UE either with 1ms PDSCH or sPDSCH depending on the need to get lower latency for that UE at this point of time. In case low latency is of importance for such a UE, all the DL data to be carried within this subframe for a UE could be transmitted with unicast sPDSCH. In case latency is not an issue, then all the data could be transmitted on 1ms PDSCH. If there are simultaneous latency tolerant and latency critical data flows, per subframe adaptation would mean that also latency tolerant data would need to be transmitted on sTTIs while the capability of simultaneous 1ms PDSCH and sPDSCH transmissions would allow minimizing overheads by transmitting latency tolerant data always with 1ms TTI. 

Looking now at the complexity at the UE side in order to support reception of PDSCH and sPDSCH unicast in the same subframe, the UE would need to handle two independent reception processes simultaneously. This includes creating at least separate channel estimation for each process (potentially with different number of DM-RS antenna ports), separate descrambling, turbo decoding & CRC processing as well as simultaneous preparation of Ack/Nack information. 

We summarize the discussions in the following observation 
Observation 1: The support of simultaneous reception of 1ms PDSCH and sTTI sPDSCH within a subframe will complicate the design and put some extra burden on the UE while providing some overhead saving.
We feel the benefit of simultaneous unicast PDSCH and sPDSCH reception may not justify requiring such capability for all sTTI capable UEs but such requirement would unnecessarily increase the UE complexity when introducing the sTTI feature. We propose that
Proposal 1: Simultaneous unicast PDSCH and sPDSCH reception, if supported at all, should be a separate UE capability with related UE capability signaling. 
In the following we discuss briefly the intended UE behavior with the different capabilities: 

UE Type 1: UE supporting simultaneous unicast PDSCH and sPDSCH capability
Such a UE is required to monitor for PDSCH and sPDSCH assignments continuously and is required to decode the granted PDSCH and sPDSCH within the specified maximum processing time. This UE type is in addition required to provide timely HARQ-Ack for PDSCH and sPDSCH accordingly. 

UE Type 2: UE not having the simultaneous unicast PDSCH and sPDSCH capability
For this UE type the UE behavior is not so clear. Such UE will still need to monitor for sPDSCH assignments in a subframe, although some valid DL assignment for unicast PDSCH has been received. As noted in the offline discussions by the proponents of the feature, the UE should prioritize the reception of sPDSCH over PDSCH and guarantee the timely decoding of sPDSCH and related HARQ-Ack feedback. 
What is not so clear and needs further discussion is what happens to the unicast PDSCH transmitted by the eNB. The UE may try to decode the data and in some cases may even succeed in being able to provide the related Ack/Nack information in time (this can be left up to UE implementation and may be also depending on the scheduled amount of DL-SCH data). But in the end, the UE may not be required to perform any processing for the PDSCH and just skip the PDSCH reception overall. 
In case the UE cannot decode the PDSCH in time or is just stopping the PDSCH processing, the UE can either be required to report ‘NACK’ or to refrain from Ack-Nack reporting. We have a preference towards the UE to provide HARQ-Ack information for each correctly received DL assignment even though the UE would not be required to decode the PDSCH in case of simultaneous sPDSCH assignment.
We propose the following UE behavior for a UE Type 2
Proposal 2: A UE not having the simultaneous unicast PDSCH and sPDSCH capability should prioritize the sPDSCH reception over the 1ms PDSCH reception. 
Proposal 3: A UE not having the simultaneous unicast PDSCH and sPDSCH capability is not required to perform unicast PDSCH decoding in case of being scheduled with unicast PDSCH and sPDSCH on a serving cell in a subframe.
Proposal 4: A UE not having the simultaneous unicast PDSCH and sPDSCH capability is required to feedback HARQ-Ack information also for scheduled unicast PDSCH in case of being scheduled with unicast PDSCH and sPDSCH on a serving cell in a subframe.
Overlapping unicast PDSCH and sPDSCH 
A few things are to be considered for the case of overlapping simultaneous PDSCH and sPDSCH operation. 
Although the puncturing of 1ms PDSCH data REs through some sPDSCH of the same or a different UE is up to the eNB, the UE will need to be able to receive the associated demodulation reference signals in order to be able to decode or at least pre-process the 1ms PDSCH data correctly. This is specifically an issue for the last 2 OFDM symbols of the slot where the legacy DM-RS is transmitted (for normal subframes). The eNB can either refrain from scheduling an overlapping transmission in sTTIs colliding with the legacy DM-RS or manage the DM-RS port usage in case of overlapping 1ms TTI and 2OS DM-RS port REs. Otherwise, the UE will not be able to decode the PDSCH correctly.
In case the UE would miss the sPDSCH assignment (i.e. it would not be aware of the own sPDSCH overlap), the UE cannot take the own sPDSCH allocation into account in the PDSCH decoding process, might therefore not succeed with the PDSCH decoding and fill the soft-buffer with partially corrupted soft bits.  The same will also happen in case the eNB decides to puncture the PDSCH allocation of one UE with some delay critical sPDSCH transmission for another UE. Overall, the eNB will need to deal with the consequences if it decides to puncture some PDSCH allocation with some delay critical sPDSCH transmission. 
Therefore, the operation should not be optimized for simultaneous transmission resulting into overlapping PDSCH and sPDSCH. As a consequence, there should not be any specific additional UE PDSCH demodulation requirements defined or any other specific standardization effort which might result in delays in the specification of the overall sTTI feature. 

Proposal 5: No special handling is to be specified for overlapping sPDSCH and PDSCH. 
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Conclusion
In this contribution we discuss simultaneous unicast PDSCH operation of different TTI lengths and make the following observations and proposals: 
· Proposal 1: Simultaneous unicast PDSCH and sPDSCH reception, if supported at all, should be a separate UE capability with related UE capability signaling. 
· Proposal 2: A UE not having the simultaneous unicast PDSCH and sPDSCH capability should prioritize the sPDSCH reception over the 1ms PDSCH reception. 

· Proposal 3: A UE not having the simultaneous unicast PDSCH and sPDSCH capability is not required to perform unicast PDSCH decoding in case of being scheduled with unicast PDSCH and sPDSCH on a serving cell in a subframe.
· Proposal 4: A UE not having the simultaneous unicast PDSCH and sPDSCH capability is required to feedback HARQ-Ack information also for scheduled unicast PDSCH in case of being scheduled with unicast PDSCH and sPDSCH on a serving cell in a subframe.
· Proposal 5: No special handling is to be specified for overlapping sPDSCH and PDSCH. 
Moreover, we recognized a mistake in related agreement from RAN1#84bis which we suggest to correct as:

Agreements:

· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy 1ms TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH(s)
· Receiving legacy 1ms TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy 1ms TTI unicast PDSCH(s)
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