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1
Introduction
At RAN1#84bis, some progress on the SI on Latency reduction techniques has been made. Specifically, RAN1 discussed joint legacy TTI PDSCH (PDSCH) and short TTI PDSCH (sPDSCH) operation and made the following related agreement [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. 
2
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.  
We therefore, propose to correct the related agreement from RAN1#84bis to (changes in red):

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(s)
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy 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 PDSCH (i.e. Rel. 8 legacy operation) 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. TTI<1ms) simultaneously within the same subframe. 

A dynamic operation of 1ms PDSCH unicast and sTTI PDSCH 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. This flexibility to adapt the applicable unicast TTI length on a per 1ms/subframe basis depending on the scheduling decisions would be clearly sufficient, and we do not see a need to support simultaneous unicast PDSCH and sPDSCH reception. 

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 HARQ processes simultaneously. This includes creating at least separate channel estimation for each HARQ 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. In addition, UE would have to perform blind detection of sPDCCH while processing PDSCH.

As discussed in our companion contribution [2], we are proposing to reduce the allowed processing times also for legacy TTI PDSCH unicast for sTTI capable UEs. In this case, there will be an additional complication of how to handle the Ack/Nack of several HARQ processes of different TTI lengths to be multiplexed in the same UCI container. 

Simultaneous reception of unicast sPDSCH and PDSCH has significant impacts on UE and specification complexity, while a concrete need for introducing such complexity is missing. We therefore propose Alt. 1 as: 

Proposal 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.

What still might need to consider the intended UE behavior in case the UE would receive a DL grant for legacy TTI unicast PDSCH and short TTI unicast PDSCH within a subframe. As discussed during RAN1#84bis, the UE might then either be required to decode either 1ms PDSCH or sTTI PDSCH and the scheduling of some very urgent sTTI PDSCH within a subframe (e.g. slot-level TTI in slot#1) might overrule the initially scheduled 1ms PDSCH. 
Such operation again could potentially create some ambiguity issues in case the UE misses the DCI scheduling unicast sPDSCH and the related Ack/Nack uncertainty & complexity will be rather similar is an in case of enabling simultaneous 1ms and short TTI unicast PDSCH operation. 

In addition, the delays induced by preventing transmission of sPDSCH and PDSCH grant in the same sub-frame would be minor. An eNB receiving time critical traffic before the start of a subframe can suspend the legacy TTI PDSCH transmission and transmit sPDSCH instead. A packet just arriving at the eNB will anyhow need some extra processing time on higher layers (scheduling decision, PDU generation, etc.) in addition to physical layer processing (PHY channel coding etc.). The effect on the delay with such restriction would therefore be rather small as the eNB scheduler part of eNB can take the newly arriving packet already into account before it starts any further above mentioned processing. 
Therefore, we propose to only schedule the UE with either 1ms or short TTI unicast PDSCH. In case the UE would receive DL grants for unicast legacy and short TTI PDSCH, this should be regarded as an error case. Some UE implementation may also use this fact for some power savings in terms of DL control decoding, as in case a valid grant for legacy TTI unicast PDSCH is decoded within a subframe the UE may no longer need to monitor for DL grants scheduling short TTI PDSCH. 
Proposal 2: A UE is not expected to receive a valid DL grant for legacy TTI unicast PDSCH and a valid DL grant for short TTI unicast PDSCH for one carrier within a subframe.
Extending this discussion to the simultaneous support for sPDSCH of different sTTI lengths, there is not any motivation for such DL operation overall while such operation would introduce additional complexity. In addition to discussion above, enabling simultaneous reception of different sTTI lengths would require the UE to look for DL grants for more than one sPDSCH length within a single subframe, which will increase the DL control decoding requirements on the UE side dramatically. Having this additional complication in mind, we propose not to support simultaneous sPDSCH reception of several sTTI lengths. This can be generically be noted as:
Proposal 3: A UE is not expected to receive valid DL grants for unicast PDSCH of different TTI lengths for one carrier within a subframe.
4
Conclusion
In this contribution we discuss simultaneous unicast PDSCH operation of different TTI lengths and make the following proposals: 
· Proposal 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier.

· Proposal 2: A UE is not expected to receive a valid DL grant for legacy TTI unicast PDSCH and a valid DL grant for short TTI unicast PDSCH for one carrier within a subframe.
· Proposal 3: A UE is not expected to receive valid DL grants for unicast PDSCH of different TTI lengths for one carrier within a subframe.
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 TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH(s)
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)
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