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Introduction
During RAN1 NR AdHoc, the following agreements were made related to NR DL control channel Tx diversity and RS design:
Agreements:
· NR supports at least following functionalities
· [bookmark: _GoBack]At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
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
Agreements:
· A control resource set is defined as a set of REGs under a given numerology
· Control search space includes at least the following properties
· Aggregation level(s)
· Number of decoding candidates for each aggregation level
· The set of CCEs for each decoding candidate
· FFS: if any of the following properties belong to control resource set or control search space
· Transmission/diversity scheme
· CCE to REG mapping
· RS structure
· PRB bundling size
· FFS: if the control resource sets can overlap or not
· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many 
It can be seen that most of topics are FFS related to PDCCH RS/Tx diversity scheme other than certain transmit diversity scheme(s) are supported for DL control channel. In this contribution, we discuss the options for RS design, channel estimation assumptions at UE and Tx diversity scheme related to control resource set and search space. Detailed performance analysis on Tx diversity is presented in [1].
DL Control RS Design
NR is envisioned to have front loaded RS to allow early channel estimation and following DL control demodulation/decoding process. There should not be any disagreement on having the RS on the 1st symbol for DL control channel demodulation. The remaining question for control RS would be whether to have additional RS in the following symbol in the DL control region. This question is related to the control resource set/search space and Tx diversity assumption.
Front loaded RS only vs. repeated RS every symbol
1. Front loaded RS only
· Front loaded RS implies that the channel estimation obtained from the 1st symbol RS needs to be reused for the following symbol.
· Open loop (OL) Tx diversity
· Since it is open loop, as long as the PDCCH on the following symbol has the open loop Tx diversity, there is no issue sharing the RS.
· Closed loop (CL) Tx diversity
· Front loaded RS with closed loop Tx diversity means the same beamforming needs to be shared across symbols. This may be restrictive for flexible scheduling from NW perspective.
· RS overhead is less.
2. Repeated RS every symbol
· Repeated RS implies that the channel estimation can be independently obtained on each symbol. Therefore, TDM between OL and CL or between different UEs with CL even can be allowed.
· RS overhead is high.

Channel estimation for OL and CL
OL Tx diversity and CL Tx diversity may have different implication on RS requirements. According to the agreements so far, there is a control resource set configured by MIB/SI and there can be an additional control resource set configured via RRC. For simplicity, we call the first control resource set as common control resource set and the additional control resource set as UE-specific control resource set. Common search space at least needs to be the part of common control resource set and UE-specific search space may be the part of common control resource set or UE-specific control resource set[footnoteRef:2].  [2:  As discussed in [3], it is our view that common search space may also be configured in UE-specific control resource set.] 

For common search space in common control resource set, we can assume the use of OL Tx diversity given that the PDCCH in common search space needs to be decoded by multiple UEs. For UE-specific search space, the CL Tx diversity is allowed to be used per UE (or group of UEs). Because of the lack of beamforming gain in OL Tx diversity, PDCCH performance in common search space will relatively suffer compared to the PDCCH with CL Tx diversity for a given aggregation level. Furthermore, it should be noted that NR PDCCH performance in common search space will also be inferior to LTE PDCCH given that there is no always-ON CRS. In general it will be quite challenging to obtain a good quality channel estimate and corresponding performance in PDCCH. PDCCH with CL Tx diversity may get some help from the beamforming gain. Therefore, it is very important to provide a good channel estimate for OL Tx diversity PDCCH in common search space. It is proposed to provide wideband channel estimation capability for common search space. Assuming we will introduce only higher level or aggregation levels (e.g., AL4/8) for common search space, the localized common search space should be able to provide enough frequency selectivity even with localized configuration. Here is the proposal:
· Common control resource set is configured with contiguous allocation in frequency and UE can perform WB channel estimation over the configured common control resource set
· Common search space will utilize the channel estimate from WB channel estimation over the common control resource set
· If UE-specific search space is configured within the common control resource set, OL Tx diversity is assumed for UE-specific search space
· If CL Tx diversity is preferred for UE-specific search space, UE-specific search space should be configured outside common control resource set
· UE specific control resource set can be configured with contiguous or non-contiguous allocation in frequency
The detailed performance comparison with respect to different channel estimation assumption is provided in section 3.
OL Tx Diversity PDCCH Performance w.r.t. Channel Estimation Schemes
The performance comparison with channel estimation assumption is presented in this section. The simulation parameters are shown in Table 1.
Table 1: Simulation parameters
	Parameter
	Value

	Channel profile
	TDL-C 300ns

	Number of BTS antennas
	2

	Number of UE antennas
	2

	Tx diversity
	SFBC, Single port Tx diversity (SCDD)

	beamforming scheme
	no beamforming (OL)

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	1

	subcarrier spacing
	30KHz

	Control Resource Set BW
	17.28MHz
576 REs = 12*6*8 REs (can accommodate one AL8)

	RS overhead
	1/2 1/3 1/4

	Coding
	TBCC list=1

	Channel Estimation
	One-shot narrow band channel estimation,
One-shot wide band channel estimation,
Wide band channel estimation with non-coherent filtering

	Channel estimation bundle-size == minimum resource allocation unit
	2 REGs

	Amount of cyclic delay in case of SCDD
	400ns



Simulation results are shown in Figure 1 and Figure 2 per OL Tx diversity scheme for SFBC and SCDD respectively.
Observations
· WB channel estimation has been shown to have up to 2.5 dB performance gain over NB channel estimation when SFBC is assumed
· WB channel estimation has been shown to have up to 1.4 dB performance gain over NB channel estimation when SCDD is assumed
· Note that WB channel estimation can be further improved if coherent filtering is used
· Depending the target performance at cell edge (1-10% BLER at -6 dB Geometry), NB channel estimation would require even a larger CCE size or aggregation level compared to 8 AL with CCE size = 6 REG
[image: ]
Figure 1: OL DL control channel performance sensitivity to channel estimation schemes, SFBC
[image: ]
Figure 2: OL DL control channel performance sensitivity to channel estimation schemes, SCDD

Conclusions
We have discussed the options for RS design, channel estimation assumptions at UE and Tx diversity scheme related to control resource set and search space. OL Tx diversity PDCCH performance has been analyzed with different assumptions on channel estimation schemes. The following proposals have been made:
Proposal 1: Common control resource set is configured with contiguous allocation in frequency and UE can perform WB channel estimation over the configured common control resource set
· Common search space will utilize the channel estimate from WB RS over the common control resource set
· If UE-specific search space is configured within the common control resource set, OL Tx diversity is assumed for UE-specific search space
· If CL Tx diversity is preferred for UE-specific search space, UE-specific search space should be configured outside common control resource set
Proposal 2: UE specific control resource set can be configured with contiguous or non-contiguous allocation in frequency.
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Narrowband ChnEst  SCDD 1/2 RS density (REG bundling = 2)

Narrowband ChnEst  SCDD 1/3 RS density (REG bundling = 2)

Narrowband ChnEst  SCDD 1/4 RS density (REG bundling = 2)

Wideband ChnEst (Noncoherent filtering) SCDD 1/2 RS density

Wideband ChnEst (Noncoherent filtering) SCDD 1/3 RS density

Wideband ChnEst (Noncoherent filtering) SCDD 1/4 RS density

Wideband ChnEst (Oneshot) SCDD 1/4 RS density

Wideband ChnEst (Oneshot) SCDD 1/3 RS density

Wideband ChnEst (Oneshot) SCDD 1/2 RS density


