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1. Introduction & Background
In RAN#87, the definition of control resource set has been agreed.  How UE determines control resource set has also been discussed, e.g., RAN1#87 has agreed the time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information, and time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling. 

This contribution further discusses how a UE determines control resource set.

2. NR-PDCCH Control Resource Set
2.1. Widebeam / narrowbeam dependent transmission
For a high carrier frequency Massive-MIMO system, hybrid digital-analog beamforming is of natural to be adopted for some reason, e.g., cost-effective and so on. 

For such hybrid digital-analog beamforming, it is expected that widebeam / narrowbeam based transmission may be a good choice for delivering control/data.

Widebeam / narrowbeam – depedent transmission may be of different use of delivering DCI, e.g., 

· Widebeam-depedent transmission is targetting for wide-range transmission from reliability perspective. Possible DCIs could be as follows, e.g.,
· Reconfiguration DCI, e.g., fallback mode

· DL assignment / step-1 DL assignment, e.g., control indication of step-2 control [1][2] 

· UL assigenment / step-1 UL assignment, e.g., control indication of step-2 control
· Paging/SIB(s)/RAR...

· Narrowbeam-depedent transmission is a dedicated transmission for very narrow angle range from signal energy concentration perspective. Possible DCIs could be as follows, e.g., 
· DL assignment / step-2 DL assignment, 

· e.g., control for in-band resource indication [3], same demod for control and data. Especially, step-2 control is transmission scheme dependent and could be naturally accompanied by data transmission.
· UL assigenment / step-2 UL assignment

Proposal 1 : Both widebeam / narrowbeam dependent NR-PDCCH transmission shall be supported.
2.2. Resource mapping

In RAN1#87 meeting, the control resource set definitoin is agreed as follows [4],
	· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set


Depending on whether the control is dependent from NR-PDSCH transmission scheme, the control resource set can be classified as two types: (Figure 1)

i. In-band control resource set

· For NR-PDCCH on in-band control resource set, it could depend on NR-PDSCH transmission scheme, e.g., using the same antenna ports, antenna virtualization, related MIMO precoding and etc.

· Hence,  control and data share the same DMRS.
· Widebeam and narrowbeam dependent transmission could be possible.
ii. Out-band control resource set
· For NR-PDCCH on out-band control resource set, it does not depend on NR-PDSCH transmission scheme.

· Hence,  control and data does not share the same DMRS.
· Only widebeam dependent transmission is mapped into out-band control resource set.
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Figure 1. Illustration of NR-PDCCH In-band and out-band control resource set (informative)
Figure 1 illustrates the resource mapping of out-band vs in-band control source set. Intiutively, the first one (or several) OFDM symbol is reserved for control, while the remaining OFDM symbols in a slot are reserved for data.
Note a UE can be signalled two DCIs which are mapped to in-band and out-band resource set respectively.

The location of the control resource sets are as follows :
Location of out-band control resource set
· It is preferred that out-band control set are always on the first one (or several) OFDM symbols for the purpose of reliable reception and fast decoding of nessasry DCIs.
Location of in-band control resource set
· For in-band control resource set on the first one (or several) OFDM symbols, it is expected FDM between out-band and in-band resource set is adopted.

· For in-band control resource set NOT on the first one (or several) OFDM symbols, it is naturally that TDM between out-band and in-band resource set is adopted.

Proposal 2 : NR UE supports in-band control resource set(s) which depend on NR-PDSCH transmission scheme and/or out-band control resource set(s) which does not depend on NR-PDSCH transmission scheme.
2.3. Common framework for sub-6GHz and above 6GHz
Purely digital beamforming may be adopted for sub-6Ghz system. This could be quite different from above 6GHz system. However, a common framework of control transmission for both sub-6GHz and above 6GHz is expected as much as possible in order to reduce specification effort. One possibility targetting a common framework might be reinterprate the widebeam / narrowbeam depedent transmission as follows
· Widebeam depedent transmission ->“CRS-like” transmission, i.e., spatial-information, or direction independent transmission. In LTE, it refers to for example TxD based transmission scheme.
· Narrowbeam dependent transmission -> “ DM-RS like” transmission, i.e., spatial information, or direction depedent transmission. In LTE, it refers to for example DM-RS based transmission scheme.
By reinterprating the aforementioned widebeam /narrowbeam depedent transmission, the in-band and out-band resource set definition can be used for both high and low carrier frequency.
Proposal 3: Strive for a common framework of NR control channel resource sets design for both sub-6GHz and above 6GHz
3. UE Determination of NR-PDCCH resource mapping
3.1. Out-band control resource set
In RAN1#87, it is agreed that [4],
	· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling


According to the agreement, it is preferred that a “pre-determined resource” shall be supported. While additional “configured resource(s)” should be considered as well. For NR-PDCCH on out-band control resource set, it is independent from NR-PDSCH transmission scheme. 

The following subsections further describe the details.

3.1.1. “Pre-determined resource”
UE determination of the “pre-determined” resource for NR-PDCCH control resource set shall be considered in the absence of RRC signaling configuration. Possible alternatives includes but not limited to are as follows:
Determination of “Pre-determined resource”
· gNB Tx beam dependent  -> provide the best coverage by decoding the NR-PDCCH on best Tx/Rx beam.
· Configured power boosting -> higher EPRE than NR-PSS/SSS
· Same antenna port assumption as NR-PBCH -> simplify antenna port detection and keep the same principle as LTE.
· FFS whether additional information with regards to the number of blind decoding and /or aggregation level need to be provided to the UE.
· FFS whether slot/mini-slot-dependent frequency resources determination is needed or not from frequency selective gain perspective. Also, FFS whether frequency diversity is needed when mapping the “Pre-determined resource” into time-frequency resources.
· …
Beam index dependent “pre-determined” resource

For gNB, it is noted that by the information implicitly derived from initial access information, e.g., gNB Tx beam index, gNB is suggested to map the NR-PDCCH on the particular “pre-determined” resources which is related to this beam index. Hence, UE only needs to find the NR-PDCCH on a particular “pre-determined” resource which is related to this reported beam index.
This would be useful to simplify the NR-PDCCH reception procedure.
 “Pre-determined resource” is not UE-specific

Due to lack of UE information during the initial stage, it is preferred that “pre-determined resource” is not UE-specific.

The consequence of non-UE-specific resource is as follows:
· If UE-specific NR-PDCCH is allowed to be mapped into “pre-determined resource”, the total capacity of “pre-determined resource” would be very limited. Since there are many UEs in a cell.

· However, it is still worthwhile that UE-specific NR-PDCCH is allowed to be mapped into “pre-determined resource” during reconfiguration period, especially reconfiguration of configured control resource set(s).

· Hence FFS is needed for UE-specific NR-PDCCH mapping into “pre-determined resource”.
3.1.2. “Configured resource(s)”
With limited “pre-determined resource”, an UE is configured with one or multiple additional “configured resource(s)”.
Deriving the time-freq resource of “configured resource” could be upon detecting the NR-PDCCH on “predetermined resource”. Both DCI and higher layer signaling could be considered as candidates.

“Configured resource(s)” is UE-specific

For different UEs, different resources could be configured in order to avoid collision of search spaces for different UEs.
3.1.3. UE reception of multiple control resource sets with limited receiving bandwidth

For extreme wide bandwidth reception for a NR UE, the power consumption issue needs to be taken into consideration. Unfortunately, “pre-determined resource” and “configured resource(s)” are both on the first one (or several) OFDM symbol(s) of a slot, frequently simultaneous reception of both resources is not expected when multiple resources are separated far away in frequency domain. 
Hence, UE is not expected to receive NR-PDCCH on control resource set(s) which is not in the receiving RF bandwidth.
Furthermore, support RF bandwidth reconfiguration is important. In that sense, the “pre-determined resources” could be considered as a “safe” resource during the reconfiguration. Figure 2 is an illustration showing that “pre-determined resource” is “safe” resource during bandwidth reconfiguration
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Figure 2. “Pre-determined resource” is “safe resource” during bandwidth reconfiguration
3.2. In-band control resource set

For NR-PDCCH on in-band control resource set, it is dependent from NR-PDSCH transmission scheme, e.g., using the same antenna ports, antenna virtualization, related MIMO precoding and etc.

For a single-stage DCI mapped into in-band control resource set, 
· Similar to E-PDCCH design for LTE-A, a higher layer configured resource and a corresponding UE blind decoding in the configured resource would solve the issues. 

For a two-stage DCI and only 2nd stage DCI is mapped into in-band control resource set,

· Deriving time-frequency resource of in-band control resource set by decoding 1st stage DCI would be of a natural way. 
· Combination of the higher layer signaling could also be considered, e.g., higher layer signaling indicates a group of possible in-band control resource, and L1 1st stage DCI indicates which resource in the group shall the UE find 2nd stage DCI. 
For a two-stage DCI and the 1st stage DCI is mapped into in-band control resource set,
· No obvious use cases for such design. Hence, it is not supported.
3.3. summary
As mentioned earlier, NR supports 3 types of control resource set, namely 1A, 1B and 2,

	[image: image7.jpg]0s0

slot

In-band control
resource set
Narrowbeam / Widebeam

-

Out-band control
resource set
Widebeam




1A: Pre-determined resource

	1. Out-band control resource set

	1B: Configured resource

	
	2. In-band control resource set


	


Proposal 4: For out-band control resource set(s), NR shall support “Pre-determined resource” and “Configured resource”. Indication of the resource set(s) could be considered as follows: 

· Pre-determined resource
· gNB Tx beam dependent  -> provide the best coverage by decoding the NR-PDCCH on best Tx/Rx beam.
· Configured power boosting -> higher EPRE than NR-PSS/SSS

· Same antenna port assumption as NR-PBCH -> simplify antenna port detection and keep the same principle as LTE.
· FFS whether additional information with regards to the number of blind decoding and /or aggregation level need to be provided to the UE.
· FFS whether slot/mini-slot-dependent frequency resources determination is needed or not from frequency selective gain perspective. Also, FFS whether frequency diversity is needed when mapping the “Pre-determined resource” into time-frequency resources.

· Configured resource: Both DCI and higher layer signaling could be considered as candidates.
4. Transmission scheme determination
TxD for widebeam dependent transmission (TxD)
Widebeam dependent transmission is targetting wide-area. Reliability shall be considered with high priority. Like in LTE design, transmit diversity provides robustness across the whole sector. Such design philosophy could also be applicable for NR widebeam dependent transmission. A TxD scheme could be considered in order to provide robustness across the whole widebeam covered area.
For such TxD scheme, it is noted that,
· A CRS-like demodulation RS shall be supported. Such CRS-like RS is not necessary to be UE-specific. gNB/TRP/beam-specific is preferred.
· If multiple panels are employed to create a widebeam, FFS whether a SFBC-like scheme could be considered.
Beamforming for narrowbeam dependent transmission (BF)
Narrowbeam-depedent transmission is a dedicated transmission for very narrow angle range from signal energy concentration perspective. Like in LTE design, TM 7/8/9 employs a UE-specific DM-RS for beamformed data transmission. 
For NR control, such  beamformed transmission shall
· Need a DM-RS for demodulation. The control and data shares the same DM-RS for demodulation.

·  UE-specific is a natural way.
In section 3, the relation between widebeam/narrowbeam and control resource set(s) has been discussed. Hence, the following transmission schemes for each resource set could be considered,
Table 1. Transmission schemes for control resource set(s)
	     Control 
resource set
	1. Out-band control resource set
	2:In-band control resource set

	
	1A
Pre-determined resource
	1B
Configured resource
	

	Beam
	Widebeam
	Widebeam
	Widebeam/narrowbeam

	Transmission scheme
	TxD
	TxD
	TxD/BF

	DCI
	· One-stage DCI;
· 1st stage DCI of a two-stage DCI;
	· One-stage DCI;

· 1st stage DCI of a two-stage DCI;
· 2nd stage DCI of a two-stage DCI;
	· One-stage DCI;

· 2nd stage DCI of a two-stage DCI;


In summary, it is proposed that similar TxD scheme shall be supported in NR for better reliability NR-PDCCH reception.
Proposal 5: Similar TxD scheme to LTE shall be supported in NR for better reliability NR-PDCCH reception.

5. Conclusion
In this contribution, UE determination of NR-PDCCH control resource set(s) is discussed. It is proposed that:
Proposal 1 : Both widebeam / narrowbeam dependent NR-PDCCH transmission shall be supported.
Proposal 2 : NR UE supports in-band control resource set(s) which depend on NR-PDSCH transmission scheme and/or out-band control resource set(s) which does NOT depend on NR-PDSCH transmission scheme.
Proposal 3: For out-band control resource set(s), NR shall support “Pre-determined resource” and “Configured resource”. Indication of the resource set(s) could be considered as follows: 

· Pre-determined resource
· gNB Tx beam dependent  -> provide the best coverage by decoding the NR-PDCCH on best Tx/Rx beam.
· Configured power boosting -> higher EPRE than NR-PSS/SSS

· Same antenna port assumption as NR-PBCH -> simplify antenna port detection and keep the same principle as LTE.
· FFS whether additional information with regards to the number of blind decoding and /or aggregation level need to be provided to the UE.
· FFS whether slot/mini-slot-dependent frequency resources determination is needed or not from frequency selective gain perspective. Also, FFS whether frequency diversity is needed when mapping the “Pre-determined resource” into time-frequency resources.

· Configured resource: Both DCI and higher layer signaling could be considered as candidates.
Proposal 4: Strive for a common framework of NR control channel resource sets design for both sub-6GHz and above 6GHz

Proposal 5: Similar TxD scheme to LTE shall be supported in NR for better reliability NR-PDCCH reception.
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