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Introduction
The document summarizes the email discussion [90b-LTE-19] on AUL resource allocation.

Resource Allocation for AUL

	Related agreements from RAN1#90:

	Agreements:
· AUL operation is UE specifically RRC configured
· The time-domain resources for AUL operation are RRC configured
· FFS: configuration details (e.g. subframe bitmap or a periodic configuration, etc.)
· Activation and deactivation of AUL operation is supported using a DCI with its CRC scrambled with a specific RNTI
· FFS which DCI format 
· FFS whether the RNTI is the SPS RNTI or a new RNTI
· FFS: additional limitations to AUL subframes e.g. depending on scheduled transmissions
· FFS: whether in addition to the RRC configured subframes also other subframes can be dynamically enabled for AUL
· Frequency domain resources (i.e. interlaces) for AUL transmissions are indicated to the UE by the eNodeB via the Activation DCI 
· The MCS of AUL transmissions is indicated to the UE by the eNodeB via the Activation DCI 





	Related agreements from RAN2#99:

	Agreements:
1	Support UL skipping for AUL i.e. the UE should use AUL resources only when it has data to transmit and UE doesn’t have UL grant. FFS if a threshold is configured.
2	From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same resources in some scenarios.
3	AUL can be configured at the same time in more than one uplink LAA serving cell.
4	FFS: Introduce an AUL activation/deactivation confirmation supporting confirmation of multiple SPS configurations on multiple serving cells.

Agreements:
1	The UE does not transmit on autonomous access resources when this subframe is used for DL transmission.
2	The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI for the same cell case
3	From RAN2 perspective, autonomous access should not be used for retransmission of dynamically scheduled transmissions









	Related agreements from RAN2#99bis:

	Agreements:
1	The UE will send a confirmation for activation/deactivation of AUL on MAC CE. if multi-bit or zero-bit is FFS.
2	Not introduce data threshold to skip UL grant. Can be revisited if RAN1 have different understanding.
3	AUL transmissions can be restricted to a subset of logical channels. FFS introduce new IE or reuse existing signaling.
4	LCP procedure is not modified.
5	In the LAA autonomous UL access, HARQ processes are not tied to TTIs.
6	HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering lprocedures. FFS on how to solve this issue.







Question 1: Details of AUL subframe configuration signaling: How are the time-domain AUL resources configured (e.g. RRC configured bitmap or periodic signaling)? 
	Company
	Views

	Intel Corporation
	Time-domain AUL resources are higher layer configured through RRC signaling, which uses a bitmap to indicate the allowed SF for AUL.

	Nokia, NSB
	Time domain resources are RRC configured with a bitmap. The length can be e.g. 80 bits to allow for sufficient flexibility. The configuration can be done cell-specifically.

	Huawei, HiSilicon
	Bitmap of e.g., 40 bits could be adopted

	Ericsson
	Time-domain AUL resources are higher layer configured through RRC signaling. We slightly prefer reusing the same SPS mechanism, i.e. SPS periodicity. A new RRC field can be added on top to allow configuring consecutive resources if the periodicity is lower than 1ms.  

	LG
	We prefer periodic signaling. In detail, AUL periodicity is configured similar to LTE SPS and in addition, AUL duration (equal to or larger than 1 subframe) is configured. Note that periodicity shorter than 10 ms is introduced in Rel-14 L2 latency reduction WI.

	Samsung
	Periodic signaling is preferred. Similar to LTE SPS, consecutive subframes can be implicitly/explicitly configured for AUL within the configured period.

	Lenovo, Motorola Mobility
	Bitmap is preferred.

	Qualcomm
	RRC configured bitmap indicates AUL resources. Prefer to use a SPS like signaling and activation/deactivation mechanism.

	WILUS
	It is preferred that the time-domain AUL resources are configured similarly to LTE SPS by reusing the same SPS mechanism.



Summary: 
· 8 companies: (Intel, Nokia, NSB, Huawei, HiSilicon, Lenovo, Motorola Mobility, Qualcomm) support bitmap based AUL subframe allocation
· 4 companies (Ericsson, LG, Samsung, WILUS) support periodic allocation of AUL subframes, similar to SPS with possibly some enchancements 

Proposal 1: AUL subframs are indicated to UE with an RRC-configured bitmap

Question 2: Activation and deactivation DCI: which DCI format is used?
	Company
	Views

	Intel Corporation
	The bit-field length of DCI 0A can be re-used for activation and deactivation DCI of AUL with the aim to reduce the UE complexity. If the required bit length (according to Question #4) exceeds the total bit length of the DCI 0A, the discussion can be revisited.

	Nokia, NSB
	The length of DCI format 0A is the first starting point. 

	Huawei, HiSilicon
	0A/4A could be considered

	Ericsson
	DCI 0A and 4A are used. we suggest reusing the SPS activation/deactivation mechanism. Similar to legacy SPS, some fields in DCI 0A/4A are not relevant for AUL operation such as (HARQ ID, LBT priority class, etc.) those special are used to differentiate between activation and deactivation (e.g all set to 0 for activation, all set to 1 for deactivation).

	LG
	DCI format 0A is preferred. We think it is important to increase reliability of (de)activation DCI and it can be realized, similar to LTE SPS, by using some fields (e.g., PUSCH trigger A, HARQ process number, RV) for virtual CRC. In addition, DCI format 4A can be considered for 2 TB transmission.

	Samsung
	DCI format 0A/4A can be considered. Further study may be needed for the case if a UE is configured to skip mornitoring DCI format 0A/4A.

	Lenovo, Motorola Mobility
	Same view as Intel.

	Qualcomm
	DCI Format 0A can be the starting point

	WILUS
	DCI format 0A and 4A can be considered.



Summary: 
· All companies  mention DCI format 0A as atleast a starting point
· 6 companies (Huawei, HiSilicon, Ericsson, LG, Samsung, WILUS) also mention DCI 4A as a possible candidate for at least the UL MIMO case

Proposal 2: DCI format 0A is supported for AUL activation / deactivation  
· FFS: supporting DCI format 4A with TM2 
Question 3: Activation and deactivation DCI: which RNTI is used for scrambiling the CRC?
	Company
	Views

	Intel Corporation
	In order to distinguish the DCI format used for activation and deactivation for AUL from existing DCI formats of the same size, it is preferable to introduce a new UE-specific RNTI for AUL.

	Nokia, NSB
	A new AUL RNTI can be defined. The same RNTI can be used for AUL activation/deactivation as well as AUL-DFI

	Huawei, HiSilicon
	AUL C-RNTI can be newly introduced.

	Ericsson
	A different RNTI is needed as compared to dedicated UL grants to distinguish between dedicated scheduling and AUL activation/deactivation. Preferably, SPS-RNTI can be reused. 

	LG
	A new RNTI is necessary for AUL (de)activation.

	Samsung
	A dedicated RNTI for AUL is needed.

	Lenovo, Motorola Mobility
	A new UE-specific RNTI is used. This should be formally different from the SPS C-RNTI.

	Qualcomm
	UE specific AUL-RNTI

	WILUS
	A new AUL RNTI is needed to differentiate between different DCI formats with same size.



Summary: 
· 11 companies (Intel, Nokia, NSB, Huawei, HiSilicon, Lenovo, Motorola Mobility, Qualcomm, LG, Samsung, WILUS) support introduction of a new AUL-RNTI
· One  company (Ericsson) prefers re-using the SPS RNTI

Proposal 3: A new AUL-RNTI is defined for AUL activation/deactivation
Question 4: Activation and deactivation DCI: in addition to MCS and PRB allocation, which of the bit fields in the DCI are used? Is there a need to add some new bit fields, or replace existing ones? Which of the bit fields are undefined or set to a predetermined value?
	Company
	Views

	Intel Corporation
	The DCI used for activation/deactivation for AUL includes at least the following information: TPC, PMI, MCS, RB assignment, activation/deactivation bit, and one bit to distinguish the activation/deactivation DCI from the AUL-DFI DCI, if they will both share the same DCI format length.

	Nokia, NSB
	In addition to PRB allocation and MCS, at least the following fields are used:
· One bit to distinguish between AUL activation/deactivation and AUL-DFI
· Additionally, if TM2 is enabled following fields are present
· PMI
· MCS for the 2nd TB
If there is room in the DCI, one may also consider including the DMRS cyclic shift field (otherwise CS would be RRC configured)

	Huawei, HiSilicon
	Carrier indication, DMRS CS and OCC, NDI. For two TBs, PMI is also included.

	Ericsson 
	Some fields of DCI 0A/4A are still applicable to autonomous UL. Those fields include:
· Cyclic shift for DM RS and OCC index
· PUSCH starting position
· Carrier indicator (for cross carrier activation)
· NDI for TB1 
· MCS/NDI for TB2
· PMI
· Flag to distinguish between 0/1 can be resused to distinguish between  between activation/deactivation grant and the AUL-DFI

	LG
	In order not to increase the number of RNTIs needed for AUL operation, we may need to match the DCI size of (de)actiavation with that of AUL-DFI. Therefore, 1-bit flag seems necessary to distinguish AUL-DFI from (de)activation DCI.
However, I cannot understand why NDI is included. Note that (de)activation DCI is applied for all HARQ IDs configured for AUL and NDI in LTE SPS is set to ‘0’. So, is NDI used only for validation of (de)activation DCI?

	Lenovo, Motorola Mobility
	At least CIF (when applicable), RBA, MCS+PMI (depending on the TM/DCI format), differentiation bit between activation and deactivation, differentiation bit to AUL-DFI.
If enough room is available: TPC for PUSCH, Cyclic shift for DM RS and OCC index

	Qualcomm
	Support Intel’s proposal. 



Summary: 
Out of the 10 companies:
· PMI and MCS for 2nd TB is proposed by 9 companies (Intel, Nokia, NSB, Huawei, HiSilicon, Ericsson, Lenovo, Motorola Mobility, Qualcomm)
· A flag to differentiate between AUL activation/deactivation and AUL-DFI is proposed by 8 companies (Intel, Nokia, NSB, Ericsson, LG, Lenovo, Motorola Mobility, Qualcomm, Lenovo, Motorola Mobility)
· UL DMRS Cyclic Shift (and OCC) is proposed by 7 companies (Nokia, NSB, Huawei, HiSilicon, Ericsson, Lenovo, Motorola Mobility)
· CIF is proposed by 5 companies (Huawei, HiSilicon, Ericsson, Lenovo, Motorola Mobility)
· TPC is proposed by 4 companies (Intel, Lenovo, Motorola Mobility, Qualcomm )
· NDI is proposed by one company (Ericsson)
· PUSCH starting position is proposed by one company (Ericsson)
Proposal 4a: The same DCI (“AUL-DCI”) is used for AUL activation/deactivation  
Proposal 4b: A flag to differentiate between AUL activation/deactivation and AUL-DFI is included into the “AUL DCI”
Proposal 4c: if TM2 is supported with AUL, PMI and MCS for the 2nd CW are included into AUL activation / deactivation DCI.
Proposal 4d: UL DMRS Cyclic Shift and OCC are included into AUL activation / deactivation DCI.
Question 5: Are additional limitations required for when AUL transmissions are allowed (in addition to RRC configured AUL subframes, and RAN2 agreement “The UE does not transmit on autonomous access resources when this subframe is used for DL transmission.” ), e.g. depending on scheduled DL or UL transmissions, including aspects related to carrier aggregation?   
	Company
	Views

	Intel Corporation
	Co-existence among AUL users:
· For AUL with non-full bandwidth configuration, in order to avoid the channel blocking between the FDM-ed AUL transmissions within a SF, it is preferable to allow the configurability of the AUL starting position within a SF.
· For AUL with full bandwidth configuration, a collision avoidance mechanism between different AUL UEs needs to be considered (e.g. UE-specific offset).
Co-existence between AUL and SUL:
· In order to avoid blocking from AUL transmission to SUL transmission within the UL burst duration indicated by cPDCCH, it is preferable to allow the configurability of the AUL starting position within the burst duration.
· With the same aforementioned motivation, it can be considered to puncture the last OFDM symbol of each AUL transmitted SF in order to prevent blocking the LBT opportunity that can be potentionally performed by SUL UE(s) in the following SF.
CA:
· For multi-carrier transmission, if the PUSCH starting positions of multiple carriers are the same, then the UE can pick one carrier to perform Cat.4, while the UE can perform single shot LBT for the remaining carriers. 

	Nokia, NSB
	The starting point of AUL transmissions should be configurable at least for non-fullband allocations to facilitate FDM of AUL users. Configurability is also needed within TXOP to allow for multiplexing with SUL.
For AUL with full-band allocations, user specific offset/self-deferral can help in avoiding unnecessary collisions.
Puncturing of last symbol of a subframe is sometimes needed to allow for LBT before the next subframe. Details for this are FFS.
In CA cases, co-existence between scheduled licensed band transmissions and AUL transmissions needs to be considered. At least in power limited situations the UE should prioritize licensed carrier PUSCH and PUCCH (at least HARQ-ACK) transmissions. 
In unlicensed CA cases, an AUL transmission might in some cases prevent the UE from performing LBT for a SUL transmission on another carrier. In such occasions the UE should avoid AUL tranmissions. 

	Huawei, HiSilicon
	DMTC window should be avoided to avoid blocking channel sensing for DRS.
AUL outside UL duration of DL MCOT should have later starting position (e.g., later than OS#0) to avoid colliding DL.
AUL within UL duration of DL MCOT should have even later starting position (e.g., later than 25us) and drop last symbol to avoid colliding/blocking SUL.
The UE-specific offset should be differently considered for full-bandwidth AUL and partial-bandwidth AUL.

	Ericsson 
	· With the support of autonomous UL, there is a risk that autonomous UL can grab the channel within the gap between the grant transmission and the corresponding UL burst. Depending on the AUL COT duration, the autonomous transmission can continue to transmit on the subframes that are scheduled for another UE and thereby blocking the scheduled transmission. Therefore: 
· New signaling can be added to CPDCCH to allow/disallow AUL in the gap between the C-PDCCH transmission until the start/end of the corresponding UL burst. 
· The AUL burst that starts within the gap should be terminated before the start of the next UL duration indicated by C-PDCCH. 
· AUL UE is configured with two different starting points: 
· one used inside eNB acquired MCOT
· one used outside eNB acquired MCOT
· The UE shall not attempt a AUL transmission, even if allowed according to the configured time-domain resources, in a subframe that is within DMTC window of the eNB.
For multi carrier operation: it should be possible to reuse the DL multicarrier LBT types.

	LG
	DMTC: Subframes within DMTC window can be excluded for AUL transmission.
DL subframe: If a UE detects PDCCH with DCI CRS scrambled by CC-RNTI in subframe n-1 and the PDCCH indicates that several starting symbols or all symbols of subframe n are occupied by DL signal/channel, the UE cannot perform AUL transmission in subframe n even though subframe n is configured for AUL.
AUL/SUL multiplexing: Considering the fair channel accessibility between AUL UEs sharing the same frequency resource in the same subframe, it would be beneficial to UE-specifically randomize starting position (e.g., within symbol#0) for AUL subframe. Additionally, in order to prioritize SUL transmission, the starting position for SUL can be allocated to be earlier than that of AUL.

	Samsung
	Share with LG’s view. At least configured DMTC and DL subframe indicated by C-PDCCH should be excluded for AUL transmission. For AUL/SUL multiplexing eNB should be able to indicate different starting position.

	Lenovo, Motorola Mobility
	No AUL in known DMTC and DL subframes.

	Qualcomm
	DMTC window should be avoided to avoid blocking channel sensing for DRS. DL subframes indicated by the CPDCCH should not be used for AUL.
AUL outside UL duration of DL MCOT can have a randomized starting position to enable fair contention amoing multiple UEs.
AUL within UL duration of DL MCOT should have even later starting position (e.g., later than 25us) and drop last symbol to avoid colliding/blocking SUL.
The UE-specific offset should be differently considered for full-bandwidth AUL and partial-bandwidth AUL.

	WILUS
	We agree to exclude RRC configured AUL transmission on DMTC window and DL subframe indicated by C-PDCCH as mentioned by several company.
For CA case between scheduled transmission on licensed cell and AUL transmissions, existing CA principle should be followed in power-limited situation.
For multi-carrier transmission of SUL(s) and/or AUL(s), UL multi-carrier mechanism can be reused if PUSCH starting positions are aligned.


Summary: 
· Avoiding DMTC subframes for AUL was mentioned by 9 companies (Huawei, HiSilicon, Ericsson, LG, Samsung, Lenovo, Motorola Mobility, Qualcomm, WILUS)
· Several companies agree that AUL transmission  should be avoided in DL subframs (as already agreed by RAN2)
· Starting position for AUL:
· For non-full-BW allocations, configurable AUL starting position was mentioned by 6 companies (Intel, Nokia, NSB, Ericsson, Samsung, Qualcomm)
· Randomized starting position for AUL transmission was mentioned by 2 companies (LG, Qualcomm)
· Need for handling power limited CA cases was pointed out by two companies (Nokia, WILUS)
Proposal 5. AUL transmissions are not allowed in the subframes belonging to the DMTC window of the serving cell. 

Question 6: Additional UL starting and ending points with AUL: can additional UL starting and ending points be applied with AUL? If yes, describe how.
	Company
	Views

	Intel Corporation
	  Since there is still an ongoing discussion for UL starting and ending positions for SUL, this topic can be deferred after an agreement is reached.

	Nokia, NSB
	Additional UL starting points around slot boundary can be useful with AUL as well. If supported, the related bits should be included into the Activation/deactivation DCI too.

	Huawei, HiSilicon
	Not a strong motivation for starting partial SF for AUL. Ending partial SF could be FFS.

	Ericsson
	Mode 1 and 2 can also be used with autonomous UL. 
· Mode 1 to enable additional channel access flexibility 
· Mode 2 allows the eNB to down prioritize AUL transmissions as compared to DL or SUL transmission 

	Samsung
	It is preferred not to introduce additional UL starting/ending points. It would increase additional eNB complexity to detect AUL transmissions and decrease detection performance.

	Lenovo, Motorola Mobility
	No introduction of partial SF for AUL. If they were introduced, the assigned MCS would need to be even more conservative to cover the partial SF performance loss, rendering the whole feature much weaker as this would affect full AUL subframes as well.

	Qualcomm
	No strong motivation in this release to introduce partial subframes for AUL. Can be considered in later releases. 

	WILUS
	As considering still on-going discussion for additional UL starting and ending points, it can be further discussed after concluding discussion of UL partial subframe.



Summary: 

· 3 companies (Nokia, NSB, Ericsson) support introduction using additional UL starting and ending points with AUL
· 6 companies (Huawei, HiSilicon, Samsung, Lenovo, Motorola Mobility, Qualcomm) do not support using additional UL starting and ending points with AUL
· 2 companies (Intel, WILUS) prefers to decide this after further agreements on design for addttional starting and ending positions.

Proposal 6: Additional UL starting and ending points are not supported with AUL
Question 7: Any other points related to AUL resource allocation that require attention
	Company
	Views
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