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1. Introduction

In LTE, the physical downlink control channel (PDCCH) are transmitted in the first several symbols in a subframe. The number of symbols in PDCCH region could dynamic vary subframe by subframe. The number of actual OFDM symbols used for PDCCH region is signaled in the physical control format indicator channel (PCFICH) which is transmitted on the first OFDM symbol in a subframe. By decoding this channel, the UE could obtain the number of OFDM symbols for PDCCH region and determine the size of the search space and start to look for its PDCCH. Therefore, the number of OFDM symbol in PDCCH region has direct impact on the search space determination and decoding of the PDCCH. 
In 5G NR, control resource sets could be configured for the UE which span over frequency but not the whole system bandwidth,  the UE could then know the frequency areas that it would look for its PDCCH. For the time duration of such control resource set, it is still not decided if this information would be signaled to the UE dynamically/semi-statically, and if it is signaled dynamically,  which channel to use.
In RAN1 NR Ad-Hoc meeting held in Jan of 2017, it was agreed that a group common PDCCH should be supported in 5G NR, which could be used to carry some common information similar like slot structure and more. The actual contents were discussed but  no conclusions were drawn. 
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 signaling 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
· 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)
· 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

(And for the possible content of the group common control channel)

· ‘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.

From the discussion  at the meeting and agreements captured, several aspects could be noticed 

· This group common control channel may not be transmitted all the time, or at least the UE may not need to decode this channel all the time 

· If  the UE does not receive this channel, the UE shall still be able to decode its PDCCH

· The UE may benefit from decoding this group common channel through skipping some blind decoding efforts for PDCCH. 
These aspects mean that the UE shall not depend on receiving this group common channel to decode PDCCH even though correctly decoding it may help with its decoding efforts of PDCCH. In this contribution, some FFS  aspects as captured at last meeting are discussed, and the reception of such group common control channel and its impact to PDCCH design are analyzed. 
2. Group common control channel and its impact to PDCCH 
As shown in Figure 1, in LTE system, the physical DL control channel (PDCCH) is transmitted in the first several OFDM symbols span the whole system bandwidth at the beginning of a subframe. The PDCCH is transmitted at one or more sets of resources called control channel element (CCE), and each CCE is further divided into a number of resource element groups (REG). The REGs from different PDCCHs are interleaved and spread across the whole DL control region on both time and frequency to obtain diversity gain. In LTE, the number of symbols in PDCCH region is signaled by PCFICH and the UE needs to decode this channel to get control channel format indicator (CFI), which is the actual number of OFDM symbols of PDCCH region. With this information, the UE would know the total available CCEs, which would be used in determining its PDCCH search space. Without this information, it would be hard for the UE to determine its PDCCH search space and therefore search for its PDCCH.  Certainly, the UE could assume PDCCH region with different number of OFDM symbols, such as 1,2 or 3 symbols and blind decode (BD) its PDCCH, the effort would however double or triple the  BD efforts which  already consumes lots of UE power. 
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Figure 1: PDCCH structure in LTE
In 5G NR, a group common PDCCH will be introduced which will convey some common information such as slot structure. A couple of aspects are list as for further study (FFS) as quoted below. 
· 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
From the discussion and the agreement, it seems that this group common control channel may not be transmitted in every slot, also it is not clear what would be the content of it in addition to the slot structure, namely whether it also carries the “end of control resource set”, or the “data starting position”. The impact of these indications in terms of skipping some blind decoding for PDCCH is also not fully understood. To explain the relations of these indications and their impact on PDCCH searching efforts, an example could be used as shown in Figure 2. Assuming in the current slot, the actual number of OFDM symbol used for the control resource set is 2, namely the end of control resource set is the 2nd symbol.  Then if this indication is signaled to the UE using group common control channel and the UE receives it, the UE would only search for its PDCCH on the first two OFDM symbols. In this example as shown, the data starting position is the 4th OFDM symbol, which is not right after the end symbol of the control resource set. This might be due to the CoMP transmission where the data starting positions need to be aligned across different transmit point regardless of the end of control resource set on each transmit point.  If this indication is sent using group common control channel and the UE receives it, while UE does not know the actual end of control resource set, it could assume the end of control resource set is right before the data start position, which is the 3rd symbol and it will continu its PDCCH search there. Obviously, that is not as good as knowing the actual end of control resource set as it could lead to some extra BD for PDCCH. However, that is better than knowing nothing for the UE.  For the worst case, if the group common control channel is not sent, or even it is sent but the UE does not receive it, the UE may have to assume the duration of control resource set be a value of 1, 2 to some predefined number of symbols and exhaust search for the PDCCH through all these assumptions. This predefined number of symbols could be the maximum duration of control resource set, and is set as 4 symbol in the example as shown.  
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Figure 2: Different indications and their relation to the control resource set
So from the above analysis, it can be seen that these indications could all save some BD efforts to some extent, which could range in the following order:   End of control resource set >  data starting position >  maximum control resource set duration. 

One effort in 5G NR is to reduce the control channel decoding efforts as well as the processing latency. From the fact that the indication of control resource set duration may not be signaled or received, or it could be only partially known, it seems more useful to consider a PDCCH structure that depends less on these indications, namely, even in the situation that such indication is not sent or received, the UE could still be able to decode its PDCCH without too much extra efforts.  From the LTE PDCCH structure as shown in Figure 1 , it can be observed that it relies more on the decoding of the duration of control region, because if not, quite lots of extra efforts are needed for the BD of PDCCH. 
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Figure 3: Example of splitting PDCCH candidates across each control symbol
To improve this, a PDCCH structure and corresponding search space could be considered as proposed in our comparison contribution [2]. As shown in Figure 3 as an example, it simply distributes PDCCH candidates for a UE in different OFDM symbols in the control resource set and use the same or different beams (or w/o beam forming) to transmit different OFDM symbols. The advantage of this structure is that it may benefit from beamforming (BF) operation as well as lowering the PDCCH decoding latency, as the UE does not need to wait for receiving all the OFDM symbols in control resource set before starting its PDCCH decoding, it can simply start to search for its PDCCH after one symbol has arrived. 
With this kind of PDCCH search space design in place, the decoding of  group common control channel to obtain kind of CFI seems not that critical as the UE knows the PDCCH candidates on each OFDM symbol and could start to decode them one symbol after the other after their arrival.  If the UE is informed of the number of OFDM symbols for PDCCH by group common PDCCH, it can simply finish decoding PDCCH on those symbols. If the UE is not informed or could not decode such information  correctly, it could keep looking for its PDCCH over a pre-configured PDCCH region until it is done.  Therefore the correctly decoding of number of PDCCH symbol could help UE with skiiping some blind decoding efforts,  but it won’t impact the UE to perform PDCCH decoding process. Figure 4 shows  an example that a gNB may transmit PDCCH candidates for a UE on OFDM symbols #1 and #2.  However such information may either not be informed to the UE, or even if it is sent, it is not decoded by the UE correctly. For the UE, it will simply search for its PDCCH candidates starting from the 1st symbol, and followed by the 2nd symbol and so on so forth. If it is able to decode the group common control channel to know that two OFDM symbols are actually used to carry its PDCCH candidates, it could finish PDCCH search after searching for its PDCCH on the 2nd symbol. Otherwise, it could continue the blind decoding efforts on more symbols such as the 3rd symbol, until it reaches the start symbol of PDSCH, which is the 4th symbol in this example. The start symbol of PDSCH could be signaled separately. Alternatively, the UE will finish when the search for its PDCCH reaches some pre-defined maximum duration of PDCCH. 
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Figure 4:  Example of UE searching for its PDCCH candidates

To summarize the discussion and analysis presented in this contribution, the following observations and proposals could be made

Observations:

· Both the end of control resource set and data starting position could save PDCCH blind decoding to some extent. 
· These indications could be signaled separately
· FFS: signaling used
Proposals
· Consider the PDCCH structure that has less dependence on the knowledge such as the end of control resource set and/or data starting position in terms of BD efforts
3. Conclusions
In this contribution,  the impact on PDCCH BD efforts are discussed based on the reception of maybe some group common control channel information.  As consequence, some observations and proposal are made as the following
Observations:

· Both the end of control resource set and data starting position could save PDCCH blind decoding to some extent. 
· These indications could be signaled separately
· FFS: signaling used
Proposals
· Consider the PDCCH structure that has less dependence on the knowledge such as the end of control resource set and/or data starting position in terms of BD efforts
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