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Introduction
This contribution shows our view on group common PDCCH.
Discussion
The distinction of "group common PDCCH"
PDCCH for the scheduling of group common channels like random access response could be also called as group common PDCCH. We need the distinction of the following.
· Group common PDCCH at least containing 'slot format related information'.
· Group common PDCCH for the scheduling of group common PDSCH
Because the former is called group common PDCCH in the last RAN1 meeting, we call the former as the group common PDCCH in this document. The latter may be called as 'PDCCH for group channel'. Or the former may be called as group common PDCCH type 1 and the latter may be called as group common PDCCH type 2.
Proposal 1: The naming of group common PDCCH should distinguish between 'group common PDCCH at least containing slot format related information' and 'PDCCH for group common channels'. 

What is "group"?
The group of UEs needs to be defined in order to make group common PDCCH workable.
We proposed subcell concept [3]. The group common PDCCH is transmitted for UEs in the same subcell. The grouping realized by subcells can be used as 1) spatial cell split, 2) beam split, 3) frequency/numerology resource split and 4) coverage split. Therefore, the same group of UEs has some similarity on the usage/channel characteristics.
One of grouping configuration is group size is same as cell. One cell can have multiple groups. Hence one cell can contain multiple group common PDCCHs in spatial domain or time/frequency domain.
Proposal 2: The group to receive group common PDCCH can be realized by 1) spatial cell split, 2) beam split, 3) frequency/numerology resource split and 4) coverage split.
Proposal 3: One cell can contain multiple group common PDCCHs in spatial domain or time/frequency domain.
We see the use case a UE to receive both URLLC and eMBB. The configuration of the group for URLLC and the configuration for the group for eMBB can be different. Therefore, at this moment, it should not preclude the discussion that a UE belongs to multiple groups and to receive multiple group common PDCCHs.
Proposal 4: FFS whether one UE belongs to multiple groups and receives multiple group common PDCCH.


The reception configuration of "group common PDCCH"
It was agreed that "the network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not". Although to configure group common PDCCH or not is just network configuration, we propose not to assume to use group common PDCCH for following use cases because to use group common PDCCH is very costly  for non-scheduled UEs with very low MCS
· Coverage expansion in interference limited case. This is often called as eICIC.
· Coverage expansion in power limited case. This was realized for eMTC or NB-IoT. We don't think such operation is limited to mMTC. The coverage extension in mm-wave is also included.
· Analogue beam forming for mm-wave case like almost pure TDM like operation. This may be called as above 6GHz case although hybrid/digital beam forming of mm-wave of 6GHz should be excluded as such limitation. 
Therefore, our view is group common PDCCH should be designed target up to around -4 or -6 dB SINR, which is typical cell edge in below 6GHz macro deployments. We envisage the contents of group common PDCCH can be configurable i.e. all contents agreed is not always transmitted. Therefore, depending on the contents on group common PDCCH, the target operating range can be different. If group common PDCCH configuration is sufficient only for the scheduled UEs, the group common PDCCH can be operated in such condition.
Proposal 5: Group common PDCCH is not assumed to be used for coverage extension case and above 6GHz analogue beam forming case.
Proposal 6: The contents of group common PDCCH can be configurable i.e. all contents agreed for group common PDCCH are not always transmitted.
In addition, we propose it should allow the operation that group common PDCCH is not sent every slot. If group common PDCCH needs to be sent in every slot, every slot needs to reserve DL period. Although such configuration is required for the latency reduction purpose, to mandate such configuration decrease the spectrum efficiency because of many switching of DL and UL. By not mandating every slots reception of group common PDCCH, UL only slots are possible.
Proposal 7: Group common PDCCH can be configured not to receive every slot.

Group common PDCCH channel structure
We propose the channel design is more similar to LTE's PDCCH than LTE's PCFICH. In order to use certain bits of DCI formant, DCI format 3/3A like design could be used. By such design, more flexibility on the signalling contents can be supported. Using such design, the same channel may contain TPC bits or Ack/Nack bits for UL. Having CRC can improve the performance especially related to DRX detection. By re-using regular PDCCH structure, the decoding latency is increased compared with PCFICH like optimized design. This should take into account when we discuss the content of group common PDCCH.
Proposal 8: Group common PDCCH is based on ordinary PDCCH design with CRC.
Proposal 9: The contents of group common PDCCH should take into account slower processing time of group common PDCCH.

The contents of group common PDCCH
In the following, we would like to discuss the contents of group common PDCCH.

'Slot format related information'
As 'slot format related information', it was agreed to indicate 'DL', 'UL (for Rel-15)' and 'other'. 
Our understanding of the reason for 'UL' indication was following.
· Dynamic variation of PUCCH and SRS resources.
· UL indication is received by the other cell/TRP or the UEs belongs to the other cell/TRP can be useful for flexible duplex coordination.
The former means group common PDCCH is received by non-scheduled UEs. The latter means group common PDCCH is received by out of the coverage UEs/TRPs. As the merit/demerit of the latter usage is up to future discussion on duplex agenda, we intend to support at least the former case by group common PDCCH.
On the usage of 'other', it means UE should not assume anything except indicated. As there is unicast PDCCH, the resource usage combination can be expressed by the following table. When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction. UL resource usage without unicast PDCCH, i.e. periodic PUCCH and SRS, are operated by the condition that group common PDCCH is UL and no PDCCH reception case.
Table.1 Resource indication combination
	Group common PDCCH
	Unicast PDCCH
	UE final assumption

	DL
	DL
	DL

	
	UL
	Error

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	DL

	UL
	DL
	Error

	
	UL
	UL

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	UL

	Other
	DL
	DL

	
	UL
	UL

	
	No reception of unicast PDCCH or
unicast PDCCH does not indicate the direction.
	No assumption



Proposal 10: When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction.

'Starting position of downlink data'
To indicate starting position of downlink data by group common PDCCH was agreed. How often it is sent and how flexible are not concluded.
According to our evaluation in Rel.8, every subframe indication of starting position of downlink data itself does not provide benefit on cell throughput and cell edge user throughput but to adjust starting position of downlink data according to the traffic volume variation is more important [1]. From traffic variation adaptation perspective, to adjust the control channel resource on the order of 80 to 120 ms can be sufficient but only to indicate such order means the UEs after DRX wake-up suffers increased latency because of limitation of PDCCH resources. The additional UE cannot be allocated until PDCCH region is expanded. To indicate control channel resource shorter period has the benefit of the reduction of the latency for such UEs [2].
Proposal 11: Starting position of downlink data is not always required to be sent in every slot except latency limitation.

For PDSCH of symbol-by-symbol reception (i.e. short latency case), control region and data region for the same allocation should not be multiplexed in the same OFDM symbol as there is no processing time for data in the symbol contains the control. For the other case, to multiplex control and data in the same OFDM symbol increase the radio resource usage efficiency.
Proposal 12: One starting position of downlink data should be indicated for symbol-by-symbol reception (short latency) case i.e. control and data are TDM only within UE's possible assigned bandwidth. Two starting positions of downlink data should be indicated for the other case. i.e. control and data can be FDMed.

'Control resource set duration'
It is FFS whether control resource set duration is indicated by group common PDCCH. Not only limited time duration, we would like to discuss time and frequency domain of control resource set indication.
To indicate the control resource size by group common PDCCH allows more variation of the control resource size without increasing the number of blind decoding. If gNB power amplifier and UE receiver can handle large dynamic range, power adaptation (boosting/de-boosting) can have similar function of the aggregation of CCEs (= adaptation of the coding rate) but usually gNB has the limitation of PSD range. Then some flexibility of the aggregation of control resource is required. Group common PDCCH has the function to indicate time/frequency resource for control for one group of UEs.
The indicated control region size in the frequency domain is PRB or multiple of PRB granularity. The control regions are started from the start of the slot. When control and data are FDMed in the same symbol, group common PDCCH indicates PRBs of control resource set.
Proposal 13: Group common PDCCH can indicate time/frequency resource of control resource set.

It is FFS whether the starting position of DL data and the end of the control resource set are aligned. As there can be multiple groups (subcells) in a cell, there needs to reserve the control resource set for the other group. In addition, we expect UE specific control resource set are also supported. Therefore, the end of the certain resource set does not always mean the total end of the control resource set. On the other hand, to have the aligned timing can minimize the signalling over group common PDCCH. Therefore, we propose following.
Proposal 14: Control resource set duration is not always aligned with starting position of downlink data but the specification supports the alignment case.

Other candidates of the contents
For future compatibility purpose, certain number of fields needs to be reserved in group common PDCCH. UE should interpret these fields as reserved. By doing so, new release UE can share the same group common PDCCH.
Proposal 15: Group common PDCCH needs to have reserved field for future compatibility.


Conclusion
We propose following.
Proposal 1: The naming of group common PDCCH should distinguish between 'group common PDCCH at least containing slot format related information' and 'PDCCH for group common channels'. 
Proposal 2: The group to receive group common PDCCH can be realized by 1) spatial cell split, 2) beam split, 3) frequency/numerology resource split and 4) coverage split.
Proposal 3: One cell can contain multiple group common PDCCHs.
Proposal 4: FFS whether one UE belongs to multiple groups and receives multiple group common PDCCH.
Proposal 5: Group common PDCCH is not assumed to be used for coverage extension case and above 6GHz analogue beam forming case.
Proposal 6: The contents of group common PDCCH can be configurable i.e. all contents agreed for group common PDCCH are not always transmitted.
Proposal 7: Group common PDCCH can be configured not to receive every slot.
Proposal 8: Group common PDCCH is based on ordinary PDCCH design with CRC.
Proposal 9: The contents of group common PDCCH should take into account slower processing time of group common PDCCH.
Proposal 10: When both group common PDCCH and unicast PDCCH inform the same direction, UE follow the direction. When group common PDCCH and unicast inform the opposite direction, UE assume this is error. When group common PDCCH informs other and unicast informs either DL or UL, UE follows the unicast direction.
Proposal 11: Starting position of downlink data is not always required to be sent in every slot except latency limitation.
Proposal 12: One starting position of downlink data should be indicated for symbol-by-symbol reception (short latency) case i.e. control and data are TDM only within UE's possible assigned bandwidth. Two starting positions of downlink data should be indicated for the other case. i.e. control and data can be FDMed.
Proposal 13: Group common PDCCH can indicate time/frequency resource of control resource set.
Proposal 14: Control resource set duration is not always aligned with starting position of downlink data but the specification supports the alignment case.
Proposal 15: Group common PDCCH needs to have reserved field for future compatibility.
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