[image: image4.png]M Freq Units J

—
N Freq Units



3GPP TSG RAN WG1 Meeting NR#3
    

R1-1716911
Nagoya, Japan, 18th – 21th September 2017

Agenda Item:  6.3.3.6
Source:           vivo
Title: 

Summary of Offline Discussion on preemption indication
Document for: Discussion and decision
1 Summary of previous agreements on pre-emption indication
RAN1 89

	Agreements:
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.



RAN1 NR AH02

	Agreements:
· For downlink preemption indication
· It is transmitted using a group common DCI in PDCCH
· FFS: This group common DCI is transmitted separately from SFI
· Whether a UE needs to monitor preemption indication is configured by RRC signaling
· The granularity of preemption indication in time domain can be configured 
· Details of granularity are FFS



RAN1 #90

	Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication

· The frequency region of the reference downlink resource is configured semi-statically

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The time region of the reference downlink resource is configured semi-statically 

· FFS: explicit signaling or implicitly derived by other RRC signalling

· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.

· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology

· FFS: explicit signaling or implicitly derived by other RRC signalling

· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication




2 Open issues
The open issues that are considered to be essential for the operation with DL pre-emption indication are summarized as follows. The issues related to UE configured with DL pre-emption together with CBG-based (re)transmission it not within scope of this document and can be discussed separately. 
· Group common DCI for DL preemption indication
· DCI format and payload
· Relation with group common PDCCH for SFI
· UE monitoring behaviors for the group common PDCCH for DL preemption, e.g. monitoring periodicity
· The allowed transmission timing of DL preemption indication relative to the corresponding PDSCH
· Signaling approach to indicate the preempted resource using group common PDCCH
· Determination of the time region that preemption may happen (i.e. the DL reference resource)
· Determination of the frequency region that preemption may happen (i.e. the DL reference resource)
· Determination of the time resource that is preempted
· Determination of the frequency resource that is preempted

· UE behaviors when the DL preemption indication is received
· Possible UE behaviors when DL preemption indication is received depending on the timing of receiving preemption indication
· How to handle the case when the DL reference signal (e.g. DMRS, CSI-RS, etc) is preempted
3 Discussion
Issue #1: Necessity of specific DCI format for DL preemption indication and the expected payload size?
· Option 1: reuse the DCI format for group common DCI carrying SFI, DCI payload size aligned with that      for SFI
· Samsung, vivo, Sequans, MediaTek
· Option 2: separate DCI format specific for DL preemption indication, DCI payload size configurable by RRC
· Qualcomm, Sony, Samsung, vivo, Sequans, Ericsson, MediaTek, Huawei, Intel, Interdigital, Nokia, CATT
· Option 3: separate DCI format from group common DCI carrying SFI, but may be combined with other group common DCI, DCI payload size aligned with group common DCI format and/or group common PDCCH
· LG
Proposals: 

· Separate DCI format for DL preemption indication from other group common DCI 
· FFS whether other group common DCI format can also contain PI

· Alignment of the DCI size for DL preemption with other group common DCI should be possible
	Company
	Views

	Qualcomm
	Option 2. For GC-DCI carries the pre-emption, independent Coreset/Search space monitoring can be configure, as the location of the GC-DCI may not be the same as the normal DL/UL grants the UE is monitoring. For example, the GC-DCI can be transmitted at mini-slot level to promptly provide pre-emption information. When an independent Coreset/Search space is used there is need to maintain the DCI format/length to be the same as other DCIs.

	Sony
	Option 2.  SFI and PI serves different function.  SFI indicates things in future symbols/slots whilst PI indicates things in that had happened (in previous symbols/slots)

	SAMSUNG
	Option 1 and 2. The GC-PDCCH conveys a DCI format for DL preemption indication. The size can be few tens of bits. It should be possible to have the same DCI payload size with other DCI formats. 

	Vivo
	Both option 1 and 2 has benefits. Option 2 provides more flexibility for preemption indication but it would be also important to support aligned DCI size for different group common DCIs. 

	Sequans
	Same as Samsung, Option 1 and 2. DCI format for DL preemption indication could be of small size (when t/f granularity only included) or larger size matching other formats (e.g. in case extra preemption-related information is included). 

	Ericsson
	We need to progress the general DCI design (including sizes) first, then we can see if there is a size/format that can be reused for the preemption indictor. Among the options above, option 2 is preferred.

	MediaTek
	Option 1 or 2. Option 1 in order to reduce the number of blind decodes. Alternatively option 2 can be considered if the SFI-GC-DCI payload is too high.

	HW
	A separate format for group-common DCI in a PDCCH should be used for indicating PI. We suggest payload of the supported format for PI should be at least 20 bits. 

· Given a fixed payload size P (e.g. 20 bits) of the group-common DCI carrying the downlink pre-emption indication (PI), a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource:

· P-bit bitmap corresponds to M time partitions and N freq partitions of the DL reference resource

	Intel
	Option 2. The PI DCI is designed separately from SFI. The size of this DCI should be in order of 20-30 bit at most

	InterDigital
	Option 2 should be supported however the DCI size depends on the search space design (independent or shared with Common Search Space) . If the search space for PI-DCI is shared with Common SS, the PI-DCI payload size could be the same as one of the DCIs being transmitted on the Common SS in order to lower blind decoding.

	Nokia
	Option 2, different DCI forma

	LG
	Considering the number of BD attempts for PDCCH monitoring, we prefer to minimize the sizes of DCI formats supported by group common DCIs or group common PDCCH. In this sense, the same payload size to DCI carrying SFI and/or other group common DCI is desired. Also, to reduce the overhead of PI, combining PI with other group common DCI can be considered. We do not prefer a separate SS only for PI. Shared CSS for PI with SS for group common DCI and/or group common PDCCH is desired. Our proposal is as follows:

· Option 3: separate DCI format from group common DCI carrying SFI, but may be combined with other group common DCI, DCI payload size aligned with group common DCI format and/or group common PDCCH

	CATT
	Option 2. For now we would like to keep it open whether there are any commonalities between pre-emption indication and SFI.


Issue #2: Relation between group common PDCCH for DL preemption indication (PI) and SFI?
· The group common DCI for SFI and DL preemption are configured independently, including the monitoring periodicity 
· No multiplexing of SFI and DL preemption indication within one group common DCI
· Different  RNTIs are used for group common DCI for SFI and DL preemption indication, respectively
· UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for DL preemption indication within the same or different CORESETs. 
Support of above
Qualcomm, vivo, Sequans, Intel, Interdigital, Nokia, CATT
Proposals: 

· The group common DCI for SFI and DL preemption indication are configured independently, e.g. 
· No multiplexing of SFI and DL preemption indication within the group common DCI format for DL preemption
· Different  RNTIs are used for group common DCI for SFI and DL preemption indication, respectively
· UE can be configured to monitor the group common PDCCH for SFI and group common PDCCH for DL preemption indication within the same or different CORESETs
	Company
	Views

	Qualcomm
	Agree with observations. The PDCCH GC-DCI carries pre-emption indication should be independent form the GC-PDCCH carrying SFI. There are independent information and may target different UEs by configuration, and can be transmitted at different times. There is no need to bundle them together.

	Sony
	Consistent with answers to Issue#1, there is no need to merge with SFI.

	SAMSUNG
	A configuration to a UE for monitoring GC-DCI for PI is independent of configurations for monitoring other DCIs

	Vivo
	The group common DCI for SFI and DL preemption should be independent, no need to mix the two. 

	Sequans
	Agree with the bullet points under Issue#2.

	Ericsson
	Preemption indication and SFI are different types of information and should not be bundled.

	HW
	Group common PDCCH (GC-PDCCH) for SFI and PI should be separately configured. The content size and monitoring behavior of the two types of common DCI will be quite different. Group common DCI carrying PI is expected to contain more bits (as it may contain bitmap) than the DCI carrying SFI (may not require bitmap).

· DCI indicating SFI and PI are separately configured

	Intel
	Agree with observations

	InterDigital
	We agree with all statements. In fact there should not be any association between PI-DCI and SFI.

	Nokia
	PI and SFI should be independent.

	LG
	Configuration for SFI and PI can be independent, but we need to consider the possibility on multiplexing between PI and other GC-DCI. If the each message is transmitted separate group-common DCI, it may cause excessive number of reserved resources for potential transmission of group-common DCI, or it will cause scheduling restriction on group-common DCI due to lack of candidates.

	CATT
	Agree with the observations.


Issue #3: UE monitoring behaviors for the group common PDCCH for DL preemption, e.g. monitoring periodicity, 
· The UE is configured with the periodicity and offset for monitoring group common PDCCH for DL preemption
· Options for monitoring periodicity
· Option 1: slot based, 
· Qualcomm, Sony, Samsung, vivo, Sequans, MediaTek, Huawei, Nokia, LG, Ericsson
· Option 2: symbol/mini-slot based
· Qualcomm, Samsung, vivo, Sequans, Interdigital (only mini-slot based)
· UE only monitors the group common PDCCH for DL preemption within or after the slot where PDSCH is scheduled. 
· Qualcomm, Samsung, vivo, Sequans, Interdigital, CATT
· UE only monitors the group common PDCCH for DL preemption within the active BWP
· Qualcomm, Samsung, vivo, Sequans, Ericsson, CATT
Proposals: 

· The monitoring periodicity for group common DCI for DL preemption is configurable
· the minimum periodicity is down-selected from
· Option 1: one slot
· Option 2: one symbol
· UE monitors the group common DCI for DL preemption within and/or after the slot where PDSCH is scheduled. 
· UE only monitors the group common DCI for DL preemption within the active BWP
	Company
	Views

	Qualcomm
	It is critical to provide timely delivery for the pre-emption indication to assist the receiver to avoid decoding with wrong LLRs, the transmission time of the GC-DCI has to be earlier than the UE decoding time using the associated LLRs. The earliest time the gNB can send out the pre-emption is when the decision to pre-empt is made, so a mini-slot level delivery of the GC-DCI is preferred (Option 2). However, for a UE with a slow processing timeline, say K0 is large, it might be possible to perform slot based monitoring as well when the pre-emption indicator is in the next slot. 

For when the UE monitors the pre-emption indicator, we assume the 2nd bullet is targeting power saving, such that when there is no PDSCH grant, the monitoring can be skipped. This is in general reasonable, but there can be corner cases where the pre-emption is delivered close to the DL grant that UE needs to monitor before the DL grant is decoded.

For the case that UE monitoring pre-emption within active BWP, we believe it is reasonable.

	Sony
	Period should take into account UE complexity and so we prefer a min period of a slot.
Offset can be at symbol level

The location relative to the eMBB transmission should be dependent upon the periodicity & offset of the configured GC-DCI

UE should monitor PI where its eMBB transmission overlaps that of the PI’s reference downlink region.  Monitoring within its active BWP is a good start but can be a huge region.

	SAMSUNG
	It can be less than a slot (e.g., 7 symbols) and a slot and more than a slot. It depends on gNB configuration. UE monitors DL preemption indication within or after the slot where PDSCH is scheduled as well as within the active BWP.

	Vivo 
	For monitoring periodicity, both slot level and mini-slot/symbol level can be configured. An offset can be configured along with the periodicity. 
UE only monitors the group common PDCCH for DL preemption within or after the slot where PDSCH is scheduled. 
There is no motivation to monitor group common PDCCH outside the current active BWP

	Sequans
	Same opinion as Samsung.

	Ericsson
	The ACK timing should not be artificially delayed due to the preemption indication.
Preemption indication only makes sense for the UE within the active BWP, no need to worry about preemption outside the active BWP.

	MediaTek
	Option 1, preemption indication is targeted at eMBB UEs operating with slot-based scheduling who get interrupted by URLLC non-slot-based transmission.

	HW
	Monitoring periodicity for group-common DCI carrying pre-emption indication can be 1 or more slot(s) for a given numerology. Depending on the length of transmission (i.e., how many slots it spans), UE can monitor one or multiple PIs. A configuration to a UE for monitoring group-common DCI carrying PI is independent of configurations for monitoring other DCIs.

· Monitoring periodicity for group-common DCI carrying pre-emption indication can be 1 or more slot(s) for a given numerology.
· A configuration to a UE for monitoring group-common DCI carrying PI is independent of configurations for monitoring other DCIs.

	Intel
	The UE is configured with a periodicity and an offset for monitoring group common PDCCH for DL preemption.
Other monitoring behavior may be implied by the related UE behavior for handling PI for PDSCH processing

	InterDigital
	The monitoring periodicity for GC DCI carrying PI should be mini-slot based. We are not sure if symbol based is needed or even feasible which implies DL control to be transmitted on every symbol. UE may monitors the group common PDCCH for DL preemption within or after the slot where PDSCH is scheduled with mini-slot level granularity for PI monitoring.

	Nokia
	GC DCI carrying PCI should be slot based

	LG
	As mentioned in Q1, we prefer shared CSS for PI with SS for group common DCI and/or group common PDCCH. Regarding mini-slot level PI transmission, it seems too much BD increase at UE side just for occasional PI.  

	CATT
	In our view pre-emption indication is event based, i.e. when configured to monitor for pre-emption indication the UE only monitors for it after it receives a PDSCH. So with this understanding we are not sure what periodicity means here. Does it mean there is a window in which the UE monitors for a PI if and only if it receives a PDSCH within this window? We also agree that monitoring is within the active BWP.


Issue #4: 
The allowed transmission timing of DL preemption indication relative to the corresponding PDSCH
· Option 1: The preemption indication transmitted during the preempted PDSCH transmission
· Qualcomm, ZTE (At the end of the impacted PDSCH), vivo, Sequans(At the end of the impacted PDSCH), Intel, LG
· Option 2: The preemption indication transmitted after the preempted PDSCH transmission, but before the HARQ-ACK

· Qualcomm, Samsung, vivo, Sequans, MediaTek, Intel, Interdigital, Nokia, LG, CATT
· Option 3: The preemption indication transmitted after the HARQ-ACK for the preempted PDSCH transmission
· Qualcomm, Samsung, vivo, Intel (UE is not expected to use PI in this case)
· Ericsson think option 3 is less useful
· Any other option?
Proposals:  

· Note: All the above 3 options are dependent upon the configuration of the GC-DCI (e.g. periodicity) 
	Company
	Views

	Qualcomm
	We prefer Option 1 as we believe this will bring the highest gain for the preemption feature. For Option 2, though the preemption indicator is transmitted in HARQ-ACK, depending the UE processing timeline, it is possible the decoding using the wrong samples are already done. The preemption is still useful in the sense that some stored LLRs can be nulled, but the harm is already done to the current decoding. For Option 3, the situation is similar to the previous case when the pre-emption is delivered after the decoding.

	Sony
	The relative location of PI with the corresponding PDSCH is dependent upon the configured periodicity and offset of the GC-DCI.  The exact relative position is an old argument based on the assumption that PI is UE-specific and hence Issue#4 is no longer relevant.

	ZTE
	We think option 1 needs more clarification, when during preemption indication is sent. There have been two options up for discussion when the PI is sent during the impacted PDSCH. We should be clear and distinguish the 2 cases:

Option 1a) During the preempting transmission

Option 1b) At the en of the impacted PDSCH  

Our preference is option 1b.

	SAMSUNG
	All options are up to network implementation. No impact on UE behavior (e.g. for HARQ-ACK reporting) depending on when the UE detects GC-DCI.

	Vivo 
	All the options are possible, the more important thing is the UE behavior associated with each option. 

	Sequans
	We prefer option 1b as defined by ZTE. Option 2 is also fine.

	Ericsson
	In our view option 3 is less useful as the UE most likely already have performed soft combining

	MediaTek
	Option 2

	HW
	Because the PI is sent in a group common DCI periodically, it is independent to any PDSCH transmission of a given UE. HARQ feedback timing configured for a UE is independent of the periodicity of the PI

· Monitoring periodicity of PI can be independently configured from PDSCH assignment and HARQ timing of one or more DL transmissions

	Intel
	All options could be possible by configuration. When option 3 is configured, the UE should not be expected to take into account such PI

	InterDigital
	We believe at least Option 2 should be supported. We need further discussion regarding Option 1. 

	Nokia
	PI is sent after the affected PDSCH

	LG
	In our view, it is up to network decision on where PI is transmitted. Meanwhile, considering effectiveness of PI, gNB may need to transmit PI before retransmission or HARQ-ACK feedback. 

	CATT
	PI is transmitted after the pre-empted PDSCH.


Issue #5: Determination of the time region that preemption may happen (reference downlink resource), e.g. explicitly signaled by RRC
· Option 1: The time region of the reference downlink resource is configured explicitly by RRC
· Qualcomm, vivo, Intel, Interdigital (multiple candidate time region can be configured), LG
· Option 2: The time region of the reference downlink resource is equal to the monitoring periodicity of the group-common DCI carrying the PI (proposed by Huawei WF)
· Qualcomm (need further clarification), Sony, Samsung, vivo (need further clarification), Huawei, Ericsson
· Intel think option 2 may not work
· Any other options?
Proposals
· The time region of the reference downlink resource is implicitly derived, equal to the monitoring periodicity of the group-common DCI carrying the PI
	Company
	Views

	Qualcomm
	It is generally agreeable that there is a deterministic relationship between the time region of RDR and the configured monitoring period of PI. But it is not clear to us what is the exact timing relationship between the two in Option 2. A few examples can be, the last symbol PI coreset is the last symbol of RDR; the first symbol of PI coreset is right after the last symbol of RDR; the first symbol of PI coreset is the first symbol of RDR, etc. We need clarification of Option 2. We can always fall back to option 1, at the cost of higher configuration complexity, and we need to design specific range of the regions to be supportable.

	Sony
	Option 2.  Since PI refers to things that happened in the past, the easiest is that the CORESET is at the end in time of the reference downlink region.  A figure is shown here.  NOTE, the CORESET does NOT need to fall within the reference downlink region in the freq domain, this should be up to gNB to configure.
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	SAMSUNG
	Option 2. Time region for DL reference resource can be implicitly determined by the monitoring period of preemption indication. For example, when monitoring period of preemption indication is a slot, time region for DL reference resource can be a slot implicitly

	Vivo 
	Both options are considerable. Option 2 may have an issue in TDD where there can be UL/unknown symbols in between the two consecutive monitoring opportunities.

	HW
	Option 2) The time region of the reference downlink resource is equal to the time between two consecutive monitoring occasions of the group-common DCI carrying the PI

	Intel
	The reference time domain region should be explicitly configured. The reason why PI monitoring periodicity may not work is when PI is postponed / not scheduled due to blockage or lack of control resources and therefore it is still beneficial to transmit this PI in later occasion in order to flush the corrupted LLR buffer. 

	InterDigital
	We believe Option 1 should be supported with small modifications that multiple candidate time regions are configured by RRC. The UE may receive an indication in DCI which time region is used for preemption. 

	Nokia
	Pre-emption can happen at any time region. PI’s ability to point back in time is of interest. The PI should indicate which symbol(s) got pre-empted without needing additional RRC configuration. The PI can carry a slot number and contiguous affected symbols.

	LG
	Depending on the monitoring periodicity, option 1 is preferred. In our view, PI needs to be transmitted at least before the retransmission. Otherwise, even though UE receives PI, the decoding performance would not be enhanced. In terms of RRC configuration, the maximum slot ‘offset’ which can be indicated by a PI can be signalled. Generally, our view on PI indication is that a slot index (via offset) can be indicated (1st step) and then time/frequency resource within the slot can be indicated (2nd step). 

	CATT
	This has some relation to the DCI payload size and should be jointly considered.


Issue #6: Determination of the frequency region that preemption may happen (DL reference resource), e.g. explicitly signaled by RRC
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC (proposed by Huawei WF)
· Sony, vivo, Huawei, Interdigital, LG, ZTE, sharp
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· Qualcomm, Samsung, vivo, Intel, Nokia, CATT, Fujitsu, Ericsson
· Option 3: The frequency region of the reference downlink resource is implicitly derived by the DL BWP associated with the CORESET for preemption indication 

· Intel
· Any other options?
Proposals: 
· Down select between following options to determine the frequency region for the possible preemption (reference downlink resource)

· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· NOTE: It is difficult for UE with different BPW to share the same GC-DCI.  For example, there is an issue with referencing of the pre-emption indicator when UEs monitoring this pre-emption indicator has different (and overlapping) BWP

· NOTE: For both options, if the overlapping BWP of two UEs sharing a GC-DCI is too narrow they may not be sufficient resources to configure that GC-DCI’s CORESET 
	Company
	Views

	Qualcomm
	We support dynamic reuse of resources for the best trunking gain. So option 2 is preferred.

	Sony
	Option 1:  This can be per BWP.  A BWP can be very large in frequency domain and in this case it is beneficial that the BWP is split in frequency domain to a few reference downlink regions.  So the freq region should be explicitly configured per BWP.  Shown here a BWP of 50 MHz can be divided into 4 Reference DL Regions that are smaller in freq domain and hence the granularity are finer in each region compared to a ridiculously huge freq domain granularity if we have ONE Reference DL region for the entire BWP.

[image: image2]

	SAMSUNG
	Option 2. Frequency region for DL reference resource also can be implicitly determined by UE active BWP, that is, an operating BWP of a UE can be frequency region that happen preemption events. No need to define frequency region for DL reference resource explicitly.

	Vivo
	Both option 1 and 2 are considerable. 

	HW
	Option 1). The frequency region of the reference downlink resource is configured explicitly by RRC

	Intel
	Option 2 is preferred

	InterDigital
	Option 1 should be supported which is aligned with our preference for Issue #5.

	Nokia
	Option 2. Necessity for wide-band PI was the reason why  group-common as opposed to dedicated was selected.

	LG
	In my understanding, different UE with different BWP can monitor GC-DCI carrying PI. In this point of view, we support Option 1. 

	CATT
	We prefer that it is implicitly determined by the active DL BWP.


Issue #7: Determination of the time resource that is preempted based on group common PDCCH

· Time resource indication granularity
· Configured explicitly by RRC (proposed by Huawei WF)
· Qualcomm, Sony, Huawei
· Configured by RRC+DCI

· Intel

· Candidate time granularity? 

· Samsung: minimum granularity can be one symbol
· Any other methods?
· Exact signaling method to indicate the preempted time resource
· The group common PDCCH for preemption can provide the following information

· Slot index within which the preemption happens

· Can a DCI indicates consecutive or non-consecutive preempted slots? 
· Mini-slot/symbol index within which the preemption happens

· Can a DCI indicates consecutive or non-consecutive preempted mini-slot/symbols?

· Adjacent symbols (Nokia)

· Any other information?
	Company
	Views

	Qualcomm
	When PI and RDR are configured, there should be a fixed relationship, i.e., a PI can address a fixed RDR only. We don’t see the need for one PI to address multiple RDRs with additional fields in PI to distinguish which RDR is addressed
The time domain granularity can be RRC configured, such as configuring the number of symbols to be indicated together.

	Sony
	The time and freq granularity should be indicated with a 2D bitmap. In this way it can indicate multiple pre-emptions within an RDR.  The 2D bitmap is shown below which is M freq units x N time units.  The freq and time units are percentage of the RDR.  In this example each freq unit is 25% and each time unit is 1/6 of the RDR.  The DCI payload is therefore MxN and this should be fixed.  That is only ONE DCI format.  The value M and N can be configured via RRC from a possible sets of {M,N}.  We are ok if this set of {M,N} is dynamically indicated in the PI.
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	SAMSUNG

	Regarding time resource indication granularity, it can be one or two OFDM symbols as a minimum granularity. Depending on monitoring period of preemption indication, preemption indication can have two methods. One method is to indicate bitmap within configured time period (when monitoring period is a slot or less than slot). Another method, to reduce number of required bits for indication per cell, is to indicate slot index and then bitmap or index of first symbol within indicated slot index (when monitoring period is larger than a slot).

	Vivo
	The time resource granularity can be RRC configured
It should be discussed whether non-consecutive preempted resource in time domain can be indicated by a DL preemption indication. 

	Sequans 
	We prefer to have a set of pre-configured time/freq patterns to indicate preempted resource. Then indication of pattern can only be provided to UE.

	HW
	The time resource is the whole duration of time region of reference DL resource which can be equal to monitoring periodicity of PI. Bitmap is used to address the whole reference DL resource. A time granularity from a set of supported granularities are configured by RRC signaling.

	Intel
	PI carries a joint time-frequency indication by a bitmap. Each bit in the bitmap corresponds to a time-frequency resource in the reference downlink region. The total size of the bitmap is fixed. The granularity in time and frequency can be configured via RRC + PI DCI, where a set of granularities is configured by RRC and a particular granularity is signaled in PI DCI by a 1-2 bit field.

Compression methods such as unequal size of time-frequency partitions and also optimizations for distributed RA of preemptions can be considered.

	Nokia
	PI carries indication of affected, adjacent symbols.

	LG
	According to our analysis on patterns of pre-empted resources, in typical scenarios for dynamic resource sharing between eMBB and URLLC with pre-emption approach, for a given time duration of time, a certain slot will have pre-empted resources. Furthermore, within a slot containing pre-empted resources, a certain symbol group will be associated with pre-empted resources. In those points of views, PI can consists of slot index within which the preemption happens and mini-slot/symbol index within which the preemption happens. To be specific, mini-slot/symbol index within the indicated slot index will be expressed by set of patterns. 

	CATT
	In principle a bit map could be used addressing the slot duration and active DL BWP.


Issue #8: Determination of the frequency resource that is preempted based on group common PDCCH
· Frequency resource indication granularity 
· Configured explicitly by RRC (proposed by Huawei WF)
· Qualcomm, Huawei, 
· Configured by RRC+DCI

· Intel

· Dynamic changing granularity

· ZTE (implicit?)
· Same as the active BWP (no need to signal the preempted frequency resource)

· Samsung, Nokia, CATT
· Candidate frequency granularity?

· Any other methods?
· Exact signaling method to indicate the preempted frequency resource
· The group common PDCCH for preemption can provide the following information

· RB index within which the preemption happens

· Can a DCI indicates consecutive or non-consecutive preempted RBs? 
· RBG index within which the preemption happens

· Can a DCI indicates consecutive or non-consecutive preempted RBGs? 
· Any other information?

Proposals: 
· For DL preemption, down select the following options for frequency resource indication granularity 

· Option 1:  Explicitly configurable by at least RRC
· Option 2:  Implicitly derived, equal to the UE DL active BWP
	Company
	Views

	Qualcomm
	The frequency domain resolution can be RRC configured, such as indicating the number of subbands separately indicated in the RDR, or the subband size. It is preferred the subbands are RBG aligned.
For PI, a bitmap can be used with one bit per subband per time domain resolution.

	Sony

	See answer to Issue #7

	ZTE
	Since the preempting transmission can have different duration (different mini-slot length, different transmission bandwidths), the resolution of the time and frequency domain shall be flexible. This address better the varying time/frequency shape of the preemption. But have a dependency between them. Coarser resolution in the time domain implies a finer resolution in the frequency domain.

Since the reference region is configure semi-statically, but the preempting conditions happen dynamically, the granularity of the PI should also change dynamically. 

A fixed bitmap of P bits (e.g. 14 bits) is used. Thereby, the reference region is divided into P sub-blocks that can be addressed individually with the bitmap. 

Another field of 2 e.g. 2 bits indicates the shape of the P sub-blocks. With 2 bits, 4 different granularities in the time-domain are ndicated, e.g. 1,2,4 and 7 symbols. The granularity in the frequency domain is then implicitly derived, considering that in total there are P sub-blocks available.      

	SAMSUNG
	Frequency resource indication granularity is a UE active BWP. That is, there is no indication bit field for frequency region for preemption indication. It can be revisited after Dec. 2017 for more optimized signaling if it is determined that URLLC can occupy a small frequency portion of a BWP.

	Vivo
	The frequency resource granularity can be RRC configured with RBG or sub-bands. It is not necessary to have very small granularity.  

	HW
	Given a fixed payload size P of the group-common DCI carrying the downlink pre-emption indication (PI), a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource:
· P-bit bitmap corresponds to M time partitions and N freq partitions of the DL reference resource

	Intel
	Refer to the Issue #8 for the answer

	Nokia
	Full UE BW is pre-empted.

	LG
	It is necessary to investigate how to minimize unnecessary buffer flushing at UE side. In this case, both time-domain granularity and frequency domain granularity needs to be carefully selected. Considering wideband operation of URLLC, time-domain granularity can be selected first considering the data duration of URLLC, and then frequency-domain granularity can be selected based on the payload size of GC-DCI. In our understanding, URLLC will be scheduled in a unit of RBG (which will be relatively larger than eMBB case), therefore, PI is also expressed in a unit of RBG. Depending on the remaining payload size of GC-DCI carrying PI, indicated frequency domain resource can be contiguous or non-contiguous. 

	CATT
	Same answer as Issue #7.


Issue #9: Intended UE behaviors when DL preemption indication is received depending on the timing of receiving preemption indication (related to issue #4), for example
· Discard preemption indication
· Under what condition the UE is allowed to discard the preemption indication?
· Intel (if PI is received after A/N transmission time for the corrupted PDSCH)

· Qualcomm, MediaTek don’t see the use case
· Re-decode the data according to the preemption indication before HARQ-ACK generation
· Under what condition the UE should re-decode the data?
· Vivo, Huawei Intel (If time gap between PI indication time instance and A/N transmission time is larger than ‘t_reproc’.)
· Qualcomm, MediaTek don’t see the feasibility for re-decoding
· Flush the buffer for the preempted data without re-decoding
· Flush the newly received LLRs, if the DL preemption is decoded before PDSCH decoding
· Qualcomm, MediaTek
· Flush the combined LLRs, if the the DL preemption is decoded after the PDSCH decoding
· Qualcomm, MediaTek

· Under what condition the UE should flush the buffer for the preempted data?
· Intel (if it is received before A/N transmission time for the corrupted PDSCH)
· Any other intended UE behaviors?
Note that common understanding on the intended UE behavior based on the received preemption indication is necessary but whether and how to specify the intended UE behaviors can be discussed separately. 
Proposals: 
· Further discussion on the intended UE behavior related to DL preemption indication

	Company
	Views

	Qualcomm
	We see 2 behaviors. If the preemption indication is received (decoded) before the PDSCH decoding time for the involved CBs, flush the newly received LLRs which are wrong. If the preemption indication is received (decoded) after the PDSCH decoding time for the involved CBs, flush the combined LLRs which are wrong. We don’t see the use case to discard preemption indication, except when the indication does not cover the UE’s PDSCH assignment. We don’t see the feasibility for re-decoding, which hurts A/N timeline.

	Sony
	We should identify more potential UE behaviours and decide which requires specification in the next meeting.  This is a good and important topic of course but we believe we should sort out Issues#1 to Issues#8 in this meeting.

	ZTE
	The agreement from the SI says that the preemption indication can be used by the UE. I The preemption indication is not a mandatory feature. Therefore, in our view, we cannot mandate a certain UE behavior in general.

What could be done, though  is to mandate how the UE shall behave in cases it chooses to us the PI to assist the decoding.

	SAMSUNG
	UE behavior is not specified.

	Vivo
	The expected UE behavior should be discussed carefully and the performance requirements should be defined for DL preemption, in order to make the feature useful in practice. 

Re-decode should be considerable if there is sufficient time between the DL preemption and HARQ-ACK feedback. 

	Sequans
	Agree with Sony. We foresee a case where preemption indication is received before the PDSCH decoding time and UE is indicated to monitor for subsequent transmission to help on decoding of preempted data before HARQ-ACK feedback.

	MediaTek
	Agree with Qualcomm views.

	HW
	Depending on UE capability and timing of the PI, UE may re-decode the data taking PI into account and generate HARQ-ACK. Whether and how to specify the intended UE behaviors can be discussed separately.

	Intel
	· Discard preemption indication
· UE is not expected to take into account PI if it is received after A/N transmission time for the corrupted PDSCH
· Re-decode the data according to the preemption indication before HARQ-ACK generation
· If time gap between PI indication time instance and A/N transmission time is larger than ‘t_reproc’. The ‘t_reproc’ can be either derived from UE processing time, or configured by gNB based on UE processing capabilities. It may also be let ‘inf’, i.e. UE is not required to re-process the data before generation of A/N.
· Flush the buffer for the preempted data without re-decoding

· UE is expected to take PI into account for buffer flushing if it is received before A/N transmission time for the corrupted PDSCH

	InterDigital
	The UE behavior doesn’t need to be specified and should be left to implementation.

	Nokia
	The UE behavior is not specified.

	LG
	In our understanding, it is up to UE implementation, and no need of specification.

	CATT
	We are not sure how discussing would help because we don’t see a need to specify UE behaviour. 


Issue #10: How to handle the case when the DL reference signal (e.g. DMRS, CSI-RS, etc) is preempted? 
For URLLC colliding with PDSCH DMRS for eMBB
· Option 1: The DMRS for slot based PDSCH cannot be preempted

· Option 2: The front loaded DMRS cannot be preempted while the additional DMRS can be preempted
· Option 3: Both front loaded DMRS and additional DMRS can be preempted?
· Option 4: The DMRS for slot based PDSCH can be preempted, while decoding performance loss is expected.
For URLLC colliding with CSI-RS
· Option 1: The CSI-RS cannot be preempted
· Option 2: The CSI-RS can be preempted
· What is the UE behavior?

Other RS type, e.g. TRS?
Proposals: 
· Any DL signal/channel can be preempted by gNB

· Further discussion on the UE behavior related to DL preemption including reference signals. 
	Company
	Views

	Qualcomm
	If DMRS is preempted, the harm is larger, so it is not preferred. But gNB may not have any other choice if there are urgent traffic to deliver. Since all the pre-emption is controlled by gNB, we would suggest to add an option 4, such that the pre-emption is allowed, while performance degradation is expected. 

For CSI-RS, we see it as not preferred, but may not be avoidable if gNB choose so. If a CSI-RS is preempted, the UE should skip the CSI-RS monitoring for the preempted CSI-RS, even if the CSI-RS is partially preempted.

For TRS, similar as CSI-RS, we see it can be preempted as this is gNB choice, and UE will skip tracking for the preempted TRS, even if it is partially preempted.

	Sony
	This is an important topic.  We believe this can be up to gNB scheduler.  This can be discussed in next meeting. 

	ZTE
	This is up to implementation and a scheduler decision. No behavior shall be mandated. Therefore, option 4 is preferred for URLLC preempting eMBB   

	SAMSUNG
	Indication is for preempted time-frequency resources. Similar to PDSCH, UE behavior is not specified if indicated time-frequency resources include CSI-RS or DMRS.

	Vivo
	The preemption of DMRS/CSI-RS/TRS should be allowed by gNB. The UE behavior can be discussed further. 

	HW
	Additional DMRS in a transmission can be pre-empted and based on PI, UE may identify whether pre-empted location includes any DMRS. It needs further discussion whether CSI-RS can be pre-empted or exempted from pre-emption.

	Intel
	No special handling of DMRS preemption comparing to PDSCH and other channels. gNB can prioritize DMRS transmission if deemed necessary by scheduling decision

	InterDigital
	We support Option 4 but another related question is whether the eMBB (slot-based scheduled) UE can use the RS from the URLLC (mini-slot scheduled). In fact we believe, the eMBB UE in some scenarios can use the RS for URLLC transmission for other purposes than CHEST such as path-loss estimation.

	Nokia
	Anything can be pre-empted. The question is what PI can indicate as pre-empted. As our preference is not to specify the UE behavior, we suggest that the PI can be used to indicate that any of PDCCH, PDSCH-DMRS, PDSCH, CSI-RS, PT-RS was pre-empted, and the UE uses that information if it can

	LG
	It is up to gNB decision with potentially Option 4 for DM-RS.

	CATT
	In our view if DMRS is allowed to be pre-empted the PDSCH is almost likely to fail. Then, the entire PDSCH is most likely retransmitted and we then really don’t see the need for pre-emption indication. It seems better to further investigate how to protect DMRS of the victim UE.


Issue #11: Any other essential issue to be addressed?

	Company
	Views

	SAMSUNG
	One issue to be considered is how to handle when subcarrier spacing for preemption indication can be different with the subcarrier spacing of PDSCH for some UEs.

	HW
	Time/frequency granularity and monitoring behavior across different numerologies need further discussion.

	Sequans
	Preemption-aware HARQ feedback to reduce unnecessary retransmissions or flushing. We expect it will be very common case that a TB/CBG will be partially preempted.
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