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1 Introduction

A list of agreements related to the contents for UE-group common DCI formats (GC-DCI) is provided below for reference. 

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

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

Agreements:
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings

· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

Additionally, in RAN1#88, the following were observed as potential functionalities for the UE-common PDCCH [2].
Discussion:
Proposed content for the “group common PDCCH” in addition to slot structure and possibility for skipping some blind decodes 

· Content to resolve FFS from agreement:

· FFS: if “other” agreed field can be subdivided into “blank”, “sidelink”, etc.

· FFS: Control resource set duration

· FFS: Indicates the duration of the control resource set(s)

· FFS: Can help the UE skip some of the semi-statically configure blind decodings.

· Indication of part of control resource set UE should monitor

· Synchronous and non-adaptive HARQ feedback

· Information related to ACK/NACK in slot (part of slot structure?)

· Information related to potential CSI-RS resources in slot (part of slot structure?)

· Information related to SRS in slot (part of slot structure?)

· Information related to URLLC transmissions in slot (part of slot structure?)

· Reserved bits

This contribution considers aspects related to the functionalities of GC-DCI.
2 GC-PDCCH Contents
It is assumed that the GC-PDCCH is based on a PDCCH and conveys a DCI format (GC-DCI format) that is protected by CRC [1]. 

2.1 GC-DCI Format Contents
Current agreements on the GC-DCI format contents include:

a) the indication of the slot structure over a number of slots, 

b) the indication to UEs to skip PDCCH decoding operations

Regarding the indication of the slot structure over a number of slots, the overall operation can be essentially equivalent to the one for eIMTA in LTE where some time resources (symbols or slots) are fixed DL ones, some are fixed UL ones, and some are ‘unknown’/flexible and can be indicated by the slot structure indicator. A UE can be configured to monitor GC-PDCCH over a number of slots (period) and this number defines the configuration of slot structures (similar to an UL/DL configuration in LTE TDD). Other than having a configurable periodicity for the configuration of slot structures, instead of always having it over 10 msec, NR specifications and implementations can leverage on the LTE ones. Therefore, a set of configurations over different numbers of slots can be defined and the slot structure indicator field in the GC-DCI format can be an index to the set of configurations. It is FFS which configurations are supported but, at least for LTE-NR coexistence, configurations over a period of 10 msec should be supported. Extensions to CA operation can be as in eIMTA or through the use of different GC-DCI formats. The same applies for support of different numerologies.
Proposal 1: The indication in the GC-DCI format for the slot structure over a number of slots is by a slot structure indicator field that indicates a configuration of slot structures, from a set of configurations, over the period of slots for the GC-DCI format reception. 
LTE UE modem power consumption is dominated (more than 50%) by monitoring PDCCHs. Of that power, about 50% is due to RF and about 50% is due to baseband operations. Therefore, a significant reduction in the number of PDCCH decoding operations can almost halve the UE power consumption for PDCCH monitoring which is materially significant. RF power consumption reduction can be also additionally achieved if the UE is signaled to not monitor PDCCH over a number of slots and this can occur in realistic deployments. It is noted that LTE UEs can use the PCFICH for micro-sleep. Reducing UE power consumption for PDCCH monitoring, by reducing the number of PDCCH decoding operations without affecting the capability to schedule UEs, is a key design feature in NR for UE/chipset vendors as, otherwise, UE modem power consumption can be even larger than the LTE one. 

Data traffic has large variations in inter-arrival time which has a heavy-tailed distribution. Service time and queueing delay are typically short and this often leads to no UEs being scheduled. However, due to the distribution of the inter-arrival time, the system can also be heavily loaded at times. In actual LTE deployments, the number of scheduled UEs per subframe remains highly correlated over periods of about 10 msec during peak traffic times and over longer periods during off-peak traffic times (macro-cell data). Subframes without any UE scheduling, or with only 1 or 2 UEs being scheduled, also occur often. Existing LTE networks exploit this correlation in the number of scheduled UEs, and to some extend on the number of required CCEs, in setting the CFI value (e.g. CFI value for current subframe is set based on number of scheduled UEs and/or number of required CCEs in previous subframes). However, LTE networks are unable to dynamically pass such scheduling information to UEs though an indication for scaling a number of PDCCH decoding operations and therefore the number of PDCCH decoding operation cannot be dynamically adapted according to data traffic arrivals. 
The indication to UEs to skip decoding operations can be by a scaling factor for the configured number of decoding operations in a DCI format. Two bits can be used to indicate a scaling of e.g. [25%, 50%, 75%, 100%]. The indication can take effect at the next slot after the slot of the DCI format detection and last over a configured period of slots. Failure by the UE to detect the DCI format can result to a default operation of the UE performing all configured (by higher layers) PDCCH decoding operations. The DCI format can in principle be any DCI format the UEs is configured to decode over a configured period.
Proposal 2: The indication to a UE for scaling a number of configured PDCCH decoding operations over a configured period of slots is by a 2-bit field in a DCI format the UE monitors over the period of slots.  

2.2 Additional Contents for GC-DCI Formats
Additional contents for a CG-DCI format include at least the following based on the discussions in RAN1#88:

a) Reserved resources [2]

b) Indication of starting PDSCH symbol at different BW parts
c) Indication of end PUSCH resources at different BW parts
d) Triggering and/or TPC commands for SRS fast carrier switching
e) HARQ-ACK feedback for synchronous non-adaptive retransmissions
To support FDM of PDCCH and PDSCH transmissions, UEs need to be informed of the starting PDSCH symbol at various BW parts. As this information is for scheduled UEs, it can in principle be provided by UE-specific DCI formats. However, there are three issues with varying importance for such an approach. First, typical scheduler operation is to generate scheduling assignments in a serial manner and independently for the DL and the UL. Therefore, it is not possible, in a strict sense, to indicate a starting symbol for PDSCH transmissions in different BW parts in DL DCI formats for first scheduling assignments in a slot as the PDCCH region is not known. This problem can be circumvented either by over-dimensioning of expected PDCCH resources at the expense of spectral efficiency or by under-dimensioning at the expense of scheduling restrictions. Second, for multi-slot scheduling or for different CORESET monitoring periodicities, a UE needs to assume existence with a maximum size for CORESETs occurring after the CORESET where the UE detects the associated DL DCI format (subsequent slots or even symbols that include CORESETs in the slot of the PDSCH transmission). Third, indication of PDSCH starting symbol at different BW parts needs to be dimensioned as UE-common information, even if the contents can be UE-specific, and represents duplication when included in each UE-specific DCI format. 
If the PDSCH starting symbol at different BW parts is indicated in the GC-DCI format, the above shortcomings can be avoided depending on the transmission periodicity of the GC-PDCCH (e.g. can be completely avoided when GC-PDCCH is transmitted per slot). There is no issue with the UE having to detect the CG-DCI format in order to be scheduled as the transmission of the CG-DCI format is dimensioned for the UE with worse SINR and is expected to have a smaller size that UE-specific DCI formats (except for fallback) – in other words, when a UE fails to detect the CG-DCI format, the probability that the UE also fails to detect a UE-specific DCI format is much larger than 1% (it is practically 1). In fact, CORESETs used for PDCCH transmissions fundamentally are preempted resources for the PDSCH transmissions in a current slot and a GC-PDCCH can again be used as has been agreed for indicating preempted resources in previous slots. 
Proposal 3: First symbols for PDSCH receptions at different BW parts are indicated by a GC-DCI format.

Similar, as the amount of short PUCCH resources or SRS resources can vary (and may not even be known at the time of an UL DCI format encoding for a PUSCH transmission), a CG-DCI format can indicate the end symbol at different BW parts for a PUSCH transmission in a slot. 
Proposal 4: Last symbols for PUSCH transmissions at different BW parts are indicated by a GC-DCI format.

Fast SRS carrier switching will be supported in NR. Similar to LTE, triggering and/or TPC commands on carriers with switched SRS transmission needs to be provided by a GC-DCI format [3]. 

Finally, UE-group HARQ-ACK primarily targets SPS PUSCH transmissions that can arranged to occur from multiple UEs in a same slot. Potential overhead reduction, relative to adaptive retransmissions, depends on the number of UEs requiring a HARQ retransmission which in turn depends on the number of UEs actively receiving HARQ-ACK through the GC-PDCCH and on the BLER of the initial TB transmission. For example, for 10 UEs and 10% target PUSCH BLER, there will be on average 1 UE requiring HARQ retransmission and the DL control overhead reduction from using GC-DCI format over using a UE-specific DCI format is marginal. A GC-DCI format providing HARQ-ACK information is most beneficial for massive MTC applications where many UEs can be configured by higher layers to transmit PUSCH over a number of slots and the initial target BLER can be large (e.g. 30%, especially for coverage limited UEs). Such cases do not exist for the applications considered in phase 1 of NR specifications.

Observation: A GC-DCI format providing UE-group common HARQ-ACK information is more appropriate for applications envisioned for phase 2 of NR. 

3 Conclusions

This contribution considered functionalities and contents for GC-DCI formats and proposes the following. 
Proposal 1: The indication in the GC-DCI format for the slot structure over a number of slots is by a slot structure indicator field that indicates a configuration of slot structures, from a set of configurations, over the period of slots for the GC-DCI format reception. 

Proposal 2: The indication to a UE for scaling a number of configured PDCCH decoding operations over a configured period of slots is by a 2-bit field in a DCI format the UE monitors over the period of slots.  

Proposal 3: First symbols for PDSCH receptions at different BW parts are indicated by a GC-DCI format.

Proposal 4: Last symbols for PUSCH transmissions at different BW parts are indicated by a GC-DCI format.
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