Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG1 Meeting#88bis	R1-1706025
Spokane, USA, 3th – 7th April, 2017

Source:	Ericsson
Title:	On DM-RS Density for NR-PDCCH
Agenda Item:	8.1.3.1.1
Document for:	Discussion and Decision
Introduction
The NR Study Item was completed and closed in RAN plenary meeting#75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was also approved in [2] where the WI targets meeting both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI.
One of the important aspects in design of DL control channel is the DM-RS for NR-PDDCH. In the RAN1 NR_AH meeting [3], the following agreement was reached:
Agreement:
· 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

In this contribution for the design purpose of NR-PDCCH, we try to address the considerations on the DMRS density and whether it should be configurable. The conclusions reached in this contribution are partly based on the evaluations performed for the choice of the transmit diversity schemes.
Discussion
Performance evaluations
To determine suitable DMRS density value(s), the performance of PDCCH is evaluated for different parameters as introduced next. The density of DMRS impacts the channel estimation quality. However, channel estimation quality also depends on the number of PRBs with DMRS that can be aggregated together for purpose of channel estimation with a greater number of contiguous PRBs resulting in better channel estimation performance On the other hand, when distributed transmissions are used, frequency diversity also is important to boost performance. Therefore, to benefit both from good channel estimation as well as frequency diversity when distributed transmission is used, it is important to determine number of REGs that should be kept together, in addition to DMRS density. Hence, the performance of PDCCH is simulated for values of DMRS densities in combination with different numbers of REGs that are kept together for distributed transmissions. SFBC is used as the transmit diversity scheme. The performance of SFBC and precoder cycling are similar in most cases as shown in [4] and therefore the use of SFBC is fine for purpose of determining the appropriate DMRS density even if SFBC is not eventually chosen as a transmit diversity scheme.
For the NR-PDCCH performance evaluation, we have made the following assumptions:
· SFBC as TxD scheme
· CCE of 6 REGs consisting of 6x12 sub-carriers  [5]
· Aggregation levels AL= 8
· DCI sizes of PL=20 and 60 bits with 16 CRC bits
· DMRS density of Rd= 25%, 33% and 50%
· X=1, 2 and 3 contiguous REGs in a CCE
· Distributed transmissions
With distributed transmissions the clusters of contiguous REGs are equally distributed in the frequency domain within the control resource set.  Based on the above assumptions, Table 1 shows the number of clusters of contiguous REGs denoted by Nc in frequency domain for a given aggregation level and a given number of contiguous REGs. 
[bookmark: _Ref477377606]Table 1: The number of clusters, Nc, of X contiguous REGs distributed in freq. domain for distributed transmission for aggregation level AL=8
	Aggregation Level
	Number of contiguous REGs (X)

	
	X=1
	X=2
	X=3

	AL=8
	48
	24
	16
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[bookmark: _Ref478081238]Figure 1: PDCCH BLER based on SFBC TxD scheme and TDL B-300ns channel model@3 km/h, assuming PL=20 payload bits, aggregation level AL=8 with CCE of 6 REGs and Nc=48 clusters of X=1 REG and different DMRS densities Rd with corresponding coding rate r
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[bookmark: _Ref478081526]Figure 2: PDCCH BLER based on SFBC TxD scheme and TDL B-300ns channel model@3 km/h, assuming PL=20 payload bits, aggregation level AL=8 with CCE of 6 REGs and Nc=24 clusters of X=2 contiguous REGs and different DMRS densities Rd with corresponding coding rate r
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[bookmark: _Ref478081533]Figure 3: PDCCH BLER based on SFBC TxD scheme and TDL B-300ns channel model@3 km/h, assuming PL=20 payload bits, aggregation level AL=8 with CCE of 6 REGs and Nc=16 clusters of X=3 contiguous REGs and different DMRS densities Rd with corresponding coding rate r
Figure 1, Figure 2 and Figure 3 show the BLER performance of PDCCH on TDL B-300ns@3km/h channel model for different DMRS density values with different number of distributed clusters for X=1 REG, or X=2 REGs or X=3 REGs in frequency domain, respectively. Similar results for TDL A-30ns channel model@3 km/h are provided in the Appendix.
[bookmark: _Ref462125875]From the figures it is apparent that the use of one contiguous REG (X=1) has inferior performance as compared to the use of 2 (X=2) or three (X=3) contiguous REGs for distributed transmissions. Furthermore, the use of X=2 is quite close to the performance obtained with X=3. The results shown here use an aggregation level of 8 and for this aggregation level, sufficient frequency diversity is achieved even with X=3 contiguous REGs (16 clusters spread across the control resource set) instead of X=2 (24 clusters spread across the control resource set). However, for aggregation level 1 NR-PDCCH, use of X=3 REGs will result in only 2 clusters whereas use of X=2 contiguous REGs will provide 3 clusters spread across the control resource set. In this case, it is expected that the frequency diversity gains with the use of X=2 instead of X=3 will be greater than the relative loss in channel estimation performance. Therefore, we propose the following.
Proposal: 
· The number of contiguous subcarriers in a CCE is 24 subcarriers (2 REGs) for distributed transmission of NR-PDCCH.
With the use of X=2 contiguous REGs per cluster, we can observe from the evaluations that the use of a pilot density of 33% is the best option since a higher pilot density doesn’t provide any additional gain. In fact, at lower BLERs (0.1% and lower), the greater coding gain of using a lower density of 33% yields better performance. 
As discussed in [6], there are benefits to supporting both localized and distributed NR-PDCCH transmissions. One design consideration is whether the DM-RS density should be different depending on the use of one or more OFDM symbols for the transmission of the NR-PDCCH. While it may seem that there are some benefits of lowering the density in some cases, any potential gain obtained from this comes with significant disadvantages resulting from the fact that the structure of the REG differs based on where the REG appears in the NR-PDCCH. When MU-MIMO transmissions are used, there is a potential for the DM-RS REs of one UE to be overlapped with payload REs from the other UE which will impact performance. Furthermore, when mini-slot transmissions are considered, then, the UE may have to test for multiple hypotheses where the REG may or may not have DM-RS depending on the hypothesis which adds to the channel estimation complexity at the UE. Therefore, it is best to have a single unified design where a REG consistently contains 33% of DM-RS REs located in the same location always. This has the benefit of ensuring that DM-RS REs only overlap with other DM-RS REs for MU-MIMO transmission and also simplifies channel estimation at the UE.
Proposal:
· A UE assumes fixed number of RS REs per REG for both localized and distributed transmission which results in 33% RS density for control channel rate matching. 


Conclusions
[bookmark: _GoBack]In this contribution, we evaluated the NR-PDCCH performance for different DM-RS densities and channel conditions to determine the number of contiguous REGs and the corresponding RS density. The investigation results in the following proposals for the NR-PDCCH design.
Proposals:
· The number of contiguous subcarriers in a CCE is 24 subcarriers (2 REGs) for distributed transmission of NR-PDCCH.
· A UE assumes fixed number of RS REs per REG for both localized and distributed transmission which results in 33% RS density for control channel rate matching.
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Appendix
Simulation assumptions
In the previous meeting the following agreement was made on the evaluation assumptions for down-selection of TxD schemes [7]. Moreover, it was recommended to harmonize the evaluation assumption for other PDCCH related evaluations with the below agreements when possible. Hence, the link level simulation parameters used for the NR-PDCCH performance evaluations in this contribution are aligned with the following agreement and listed in Table 2.
Agreements:
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:
· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)
· DCI size: 20 and 60 bits + 16 bit CRC
· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE
· Practical channel estimation
· MMSE for reference, other schemes can be evaluated in addition 
· Proponents should state assumptions on 
· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)
· DMRS density 33% (other densities can be evaluated in addition)
· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)
· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)
· Channel model
· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)
· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h


[bookmark: _Ref477421090]Table 2: Link level simulation parameters
	Parameters
	Values

	Carrier Frequency
	4 GHz

	Control Resource Set Bandwidth
	20 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	20 bits and 16 CRC bits

	Modulation
	QPSK

	Channel Coding
	Tail-biting Convolutional Code as in Rel-8

	Aggregation Level
	8

	CCE size
	6 REGs or 72 subcarriers

	Number of OFDM symbols for NR-PDCCH
	1

	Channel Model 
	TDL-A, Delay spread 30 ns, UE speed 3 km/h
TDL-B, Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration 
	2Tx, 2 Rx

	UE antenna configuration
	1Tx, 2Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal

	Transmission Diversity Scheme
	SFBC





Additional simulation results
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