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1. Introduction

This contribution is revised from R1-1716059 with additional discussion on UL waveform determination .

In the previous RAN1 meetings, the following agreements for group-common PDCCH have been made:
RAN1 NR AH Jan [1]:
Agreements:
· NR supports a group common PDCCH carrying at least slot format related information. 
· ‘Slot format related information’

· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively

· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc

RAN1 #89[2]:

Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement

· UE may assume there is no transmission
RAN1 #90[3]

Working assumption:
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

For UL waveform, the related agreements are given as follows.

Agreement [3GPP RAN1 meeting #86bis]:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

· FFS additional low PAPR techniques 

· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)

· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use

· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations
Agreements [3GPP RAN1 NR AH #3]:

· For UL transmission with grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
Agreement:
· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3

Agreements:

· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· Aim to have the same solution as in the UL with grant case
In this contribution, for SPS related aspects, we will further discuss UE behaviour in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and Semi-Persistent Scheduling (SPS) DCI. And the possible enhancements on scheduling of SPS are provided. Then, we present our views on UL waveform determination. 
2. Discussion on UE behaviour related to conflict on SPS scheduling and dynamic scheduling
In order to save L1 control resource overhead for some periodic and predictable traffic (i.e., VoLTE), LTE enables semi-persistent scheduling (SPS) scheme. SPS operates in a two-stage manner, i.e., the periodicity of the resource in time domain is configured via RRC signaling, while the activation and deactivation of SPS, as well as resource in frequency domain and other transmitting parameters such as MCS are configured via DCI. Therefore, the resources for SPS are assigned to UE periodically and the UE can use the assigned resources to transmit and receive data once activated by SPS C-RNTI scrambled DCI (referred as SPS DCI here after) and after the activation, L1 signaling is no more required. The SPS scheduling scheme is very suitable for periodic and predictable traffic with less tight latency requirement such as VoLTE and it can save control resources significantly. According to the recent discussion, uplink SPS can be achieved by type 2 grant-free transmission, while there is not much discussion about downlink SPS which should be further studied in order to better support periodic and predictable traffic (i.e., VoLTE).
However, in a scenario where latency-tight traffic (i.e. URLLC) is deployed, the URLLC traffic or urgent eMBB traffic may be scheduled on the same resources with the SPS data by dynamic signaling, while with different transmission directions. In this scenario, there will possibly be conflicts on the transmission direction of slot/symbol received from SFI in group-common PDCCH and SPS DCI. Considering the latency requirements of different traffic and to prioritize the URLLC traffic or urgent eMBB traffic, SFI in group-common PDCCH can be applied to allow the urgent traffic to takes precedence in case of a confliction of transmission direction. 
Proposal 1: SFI in group-common PDCCH take precedence on transmitting resources in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and SPS DCI.
3. Discussion on possible enhancements on scheduling of SPS
In LTE, UE is always monitoring PDCCH for dynamic scheduling and the SPS activated subframe is no exception. In case that the SPS activated subframe is overridden by PDCCH for dynamic scheduling, UE/eNodeB will send an NACK to eNodeB/UE and the corresponding retransmissions would be scheduled. However, this will cause extra delay for SPS data transmission such that the latency requirement for SPS traffic (i.e. VoLTE) may not be guaranteed.
Therefore, some enhancements need to be done to improve the latency performance of SPS traffic. Specifically, we propose that the SPS data can be scheduled in a transmission time window consisting of several transmission units (the transmission units can be a slot/mini-slot/symbol…) which is configured by RRC signaling. That is, once UE receives a SPS C-RNTI scrambled DCI, a transmission time window is activated periodically for SPS data transmission or reception rather than a specific transmission unit. For details, UE behavior is analyzed as follows:
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 Figure 1: SPS transmission time window
UE monitors group-common PDCCH and UE specific DCI for slot format related information and scheduling information. As shown in Fig.1, in every SPS period, which is configured by RRC signaling, a transmission time window is activated. Therefore, the periodicity of the transmission time window T2 should be equal with the SPS periodicity T1. UE will determine the transmission direction and the scheduling data of each transmission unit in the configured transmission time window one by one:

- In condition that the slot/symbol format of the SPS scheduling transmission unit is consistent with SFI in group common PDCCH and there is no dynamic scheduling data by UE specific DCI, the transmission unit in the transmission time window can be used for SPS data scheduling. Therefore, SPS data will be actually transmitted in the earliest transmission unit that does not conflict with group common DCI until there is no data left. 
If SPS data can not be scheduled in any transmission unit in the configured transmission time window, retransmission procedure like LTE can be executed. Alternatively, it can be configured that the last transmission unit in the transmission time window is always available for SPS data and can not be overridden by group-common PDCCH and UE specific DCI for dynamic scheduling. An example of the enhanced scheduling for SPS is given as Fig.2.
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Figure 2: Enhanced scheduling for SPS
Proposal 2: SPS data is transmitted in time unit that are available in a transmission time window consisting of several transmission units. The transmission time window is configured by RRC signalling and activated by SPS C-RNTI scrambled DCI similar to LTE SPS procedure. SPS data is actually transmitted in the earliest transmission unit that does not conflict with group common DCI.  
Furthermore, we also discuss the detailed configuration for the transmission time window. The RRC configuration can include the periodicity, location as well as the granularity of the transmission time window. In details:
- Periodicity: the periodicity of the transmission time window can be equal with the SPS periodicity, that is T1=T2 in Fig.1;
- Location: the location of the transmission time window can be indicated by one of the following opinions: {the starting position + window length}, {the starting position + the ending position}, {the ending position + window length};

- Granularity: the granularity of the transmission time window can be equal to the SPS scheduling granularity such as slot/mini-slot/symbol.
Proposal 3: The RRC configuration of transmission time window for SPS scheduling include the periodicity, location as well as the granularity information.
4. UL waveform determination

In 3GPP NR #86bis, it was agreed that both OFDM and DFT-S-OFDM are selected as UL waveform scheme, and network could configure which one of the two waveform to use. In this Section, we present our view on UL waveform determination.

Comparison between OFDM and DFT-S-OFDM: In [5], it shows that DFT-S-OFDM could reach the maximal output power [23dBm], and OFDM’s maximal output power is reduced to be 21.5 dBm. Note that nearly 1.5dB power gap always exists no matter what is the transmission scheme or frequency band. Thus, for cell-edge users, DFT-S-OFDM can be configured to improve the coverage. While OFDM opens up for a more flexible UL scheduling and can be used for data rate boosting combining with multi-layer transmission with good channel condition and multiple antenna port. Further, having the same transmission scheme in both UL and DL makes the system symmetric, and facilitate crosslink interference management in NR.

UL waveform determination: For small cell or indoor scenario, we understand that UL data boosting and dynamic TDD supporting seems more important. Allowing all UEs in one cell to use the same waveform, e.g., OFDM, has to be permitted. Therefore, in this case, one feasible way is that UL waveform type follows the information by RMSI. While for macro cell, the gain of DFT-S-OFDM is supposed to be utilized. Note that as DFT-S-OFDM only show that coverage gain for cell edge user with limited modulation order, e.g., QPSK. An implicitly way could be considered that some entries of MCS table are for DFT-s-OFDM for 1 layer transmission while others for CP-OFDM. RRC based configuration could be also considered, but it would increase some signaling overhead for the use case of cell specific configuration. Thus, we suggest that at least it follows RMSI’s information whether this implicitly dynamic mode is ON or not.  

Unified solution for grant-based or grant-free based scheduling: As there seems no performance affects for OFDM and DFT-S-OFDM with this two different scheduling method. we propose that same solution has better be design to reduce the system design complexity. 

Based on above discussion, we have the following proposals:

Proposal 4: At least RMSI is used to inform the waveform scheme for UL:

Opt 1: only OFDM is used in one cell,

Opt 2: some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM, 

FFS: other options.

Proposal 5: Unified solution is designed for grant-based and grant-free based UL scheduling.
5.  Conclusions 
In this contribution, UE behaviour related to conflict on symbol/slot format as well as SPS enhancements are discussed first. Further, we present our view on UL waveform determination. The following proposals are made:
Proposal 1: SFI in group-common PDCCH should take precedence on transmitting resources in case of a conflict on the indicated slot/symbol format received from SFI in group-common PDCCH and SPS DCI.
Proposal 2: SPS data is transmitted in time unit that are available in a transmission time window consisting of several transmission units. The transmission time window is configured by RRC signalling and activated by SPS C-RNTI scrambled DCI similar to LTE SPS procedure. SPS data is actually transmitted in the earliest transmission unit that does not conflict with group common DCI. 
Proposal 3: The RRC configuration of transmission time window for SPS scheduling include the periodicity, location as well as the granularity information.
Proposal 4: At least RMSI is used to inform the waveform scheme for UL:

Opt 1: only OFDM is used in one cell,

Opt 2: some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM, 

FFS: other options.

Proposal 5: Unified solution is designed for grant-based and grant-free based UL scheduling.
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