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1 Introduction

In RAN1 NR Adhoc in January, it was agreed that group common PDCCH is introduced for NR as shown below [1]. 

However, only the inclusion of slot format related information was agreed for group common PDCCH and there are still many open issues. This contribution discusses how to indicate the slot format information, what other information is required, and how the channel looks like.
2 Discussion
Slot format indication

From the agreement in last RAN1 Adhoc meeting, slot formation related information indicates at least which symbols in a slot are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively, where others can be either blank or SL (Sidelink). For defining the slot format information, the most flexible way is to explicitly indicate the transmission direction, either DL, UL, blank (BL), or SL symbol by symbol in a NR slot, as shown in left part of Figure 1. Assuming each symbol can be one of the 4 possible transmission directions (i.e. DL, UL, BL, and SL) and a slot consists of 14 OFDM symbols where the first slot is always downlink for the transmission of PDCCH, then there can be 413 possible slot formats and 26 bits are required in group common PDCCH just for slot format indication. It is correct that there are many format that would not be used in practice inside the whole set, there can still be many potential formats that can be used in reality, considering possible variations of short PUCCH resources, reserved resources for future releases, and many other factors. Let’s say there are K possible slot formats that can be supported in NR as shown in right part of Figure 1. 
However, all K slot formats may not be used for all systems depending on releases, operators, cell deployments, and etc. For example, blank resources may not be used for the first release if only eMBB service is supported by the system but it may use the blank resources in the later phases when other service features are embedded in the system. And also, depending on the situation, the preferable slot formats may change, e.g., when there are many UEs, more than 1 symbol are required for short PUCCH in DL-centric slot while 1 symbol is enough otherwise. So it is motivated that long term configuration by higher layer limits the possible slot formats into a small set, e.g., 4 formats, and group common PDCCH only indicates one of the formats among the configured formats. 
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Figure 1. Possible slot formats in a slot

Proposal 1: Group common PDCCH indicates one slot format for corresponding slot(s) from a set of possible formats configured by higher layer
Other potential information for group common PDCCH

Another open issue in last RAN1 meeting is whether there are any additional information carried in the group common PDCCH and the possibility to include the information on control resource set duration was discussed and remained as FFS. The main motivation of the control resource set duration is to reduce the power consumption by skipping blind decoding of NR PDCCH in a portion of the resources inside the control resource set. 

However, the benefit from control resource set duration indication depends on how often the control resource set duration is smaller than the configured control resource set. The benefit can be maximized if the configured control resource set has many OFDM symbols, and the number of co-scheduled UEs in the same slot varies a lot. However, it is common assumption that the number of OFDM symbols for control resource set is normally 2 or 3 which may not be sufficient for getting the benefit. And also it takes a while to decode the group common PDCCH so the UE anyway needs to perform the blind decoding up to 2nd OFDM symbols assuming the group common PDCCH is transmitted only using the 1st OFDM symbol. If time-first REG to NR CCE mapping is applied, UE anyway need to perform blind decoding through multiple OFDM symbols.
Meanwhile, we need at least 1 or 2 bits for indicating the control resource set duration. It is not a big number but it needs comparatively large overhead since this channel has to be transmitted reliably to multiple UEs inside a cell as LTE PCFICH uses 16 REs excluding DMRS for transmitting only 2 bits. Considering that introduction of control resource set duration information results in significant overhead increase while the benefit can be seen in a very limited situation, it is proposed not to support it.

Proposal 2: No additional information is transmitted through the group common PDCCH
Channel structure for group common PDCCH

As discussed above, the group common PDCCH conveys only the slot format related information. Accordingly the potential number of bits can be 2 or 3 bits assuming configured set includes 4 or 8 possible slot formats. Considering that the number of bits is not as large as normal NR PDCCH, it is not desirable to utilize the normal PDCCH channel format. Instead LTE PCFICH-like scheme is a good approach. As shown in Figure 2, the group common PDCCH utilizes multiple REGs spread over the whole frequency region of the configured control resource set for frequency diversity as LTE PCFICH does. The main difference from LTE PCFICH is that there is no CRS. Instead, DMRS should be designed that channel estimation performance is sufficient for reliable reception of group common PDCCH by multiple UEs. If the channel estimation is performed like UE-specific manner, the UE can only use the DMRS REs inside the corresponding REG. This may not provide a good channel estimation performance especially for REs in two edges of an REG.

Therefore, shared DMRS concept should be utilized for group common PDCCH as it was already agreed [2]. Although share DMRS was agreed to be supported in NR, the UE behavior is currently FFS whether DMRS sharing is transparent to UE or not. As discussed in the previous paragraph, transparent UE behavior may not be proper for the group common PDCCH. It is desirable to define a region that the shared DMRS is transmitted, i.e., the DMRS in that region would show same antenna ports and same precoding. In Figure 2, REGs which are next to the REGs of group common PDCCH use the same antenna ports and same precoding for the DMRS transmissions. In this case, UE can utilizes the DMRS not only in REGs of group common PDCCH but also in neighboring REGs for estimating channel for the decoding of group common PDCCH.
However, it does not necessarily mean that the shared DMRS is transmitted every slot since group common PDCCH may not be transmitted every slot. And since there are other common channels transmitted in the same control resource sets, the REGs where shared DMRS is transmitted while the group common PDCCH is not mapped to can be used for the transmission of other common channels, e.g., paging channel. If there is no other common PDCCH to be transmitted in the same slot, it is also possible to transmit UE-specific PDCCH using shared DMRS by UE-specific manner (UE transparent behavior).
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Figure 2. Group common PDCCH structure

Proposal 3: Shared DMRS should be defined for the channel estimation of the group common PDCCH
3 Conclusion 

In this contribution, we presented our views on group common PDCCH. Based on the discussion we draw the following proposals:
Proposal 1: Group common PDCCH indicates one slot format for corresponding slot(s) from a set of possible formats configured by higher layer
Proposal 2: No additional information is transmitted through the group common PDCCH

Proposal 3: Shared DMRS should be defined for the channel estimation of the group common PDCCH
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Agreements:


NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 


If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.


The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not


Common does not necessarily imply common per cell.


Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD


The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.





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





Agreements:


‘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


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 configured blind decodings. If not received, the UE performs all blind decodings.
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