3GPP TSG RAN Meeting #88





            R1-1703383
Athens, Greece, 13th – 17th Feb 2017
Source:
vivo
Title:
Discussion on Transmission scheme for NR-PDCCH
Agenda Item:
8.1.3.1.1
Document for:
Discussion and Decision
1. Introduction & Background
In RAN NR Adhoc1 meeting, agreements made for NR-PDCCH transmission scheme are as follows:
Agreements:
· Transmit diversity scheme for DL control channel is supported.

· FFS; SFBC or precoder-cycling, etc

· Other schemes are not precluded

· FFS number of antenna ports (1 or 2)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable

This contribution further discusses the transmission schemes.
2. NR-PDCCH Control Resource Set Resource mapping
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
· Paging/SIB(s)/RAR...

· Information carried by ‘group common PDCCH’
· Narrowbeam-depedent transmission is a dedicated transmission for very narrow beam 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 band/out band 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 depedent 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.
3. Transmission scheme determination
TxD for widebeam dependent transmission (TxD)
Widebeam dependent tranmission 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. It also enables UE channel demodulation with a longer demodulation RS sequence. Hence, demodulation performance could be improved.
· If multiple panels are employed to create a widebeam, FFS whether a SFBC-like scheme could be considered in order to reduce the blocking probability by exploiting a multi-beam space-time coding scheme.
Beamforming for narrowbeam dependent transmission (BF)
Narrowbeam-depedent transmission is a dedicated transmission for very narrow beam 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.
· It is naturally multi-user beamforming of NR-PDCCH in such scheme would be possible. It is beneficial for NR-PDCCH capacity improvement while MU-beamforming is introduced.
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 (NR-PDCCH transmission scheme is NR-PDSCH independent)
	2. In-band control resource set (NR-PDCCH transmission scheme is NR-PDSCH dependent)

	Transmission scheme
	TxD
	TxD/BF


In summary, it is proposed that similar TxD scheme shall be supported in NR for better reliability NR-PDCCH reception.
Proposal 3: similar TxD scheme to LTE shall be supported in NR for better reliable NR-PDCCH reception.
Proposal 4: Both TxD and multi-user scheme shall be supported for NR-PDCCH.
4. Conclusion
In this contribution, transmission schemes for NR-PDCCH are discussed with the following proposals :
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: similar TxD scheme to LTE shall be supported in NR for better reliable NR-PDCCH reception.
Proposal 4: Both TxD and multi-user scheme shall be supported for NR-PDCCH.
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