
3GPP TSG RAN WG1 NR Ad-Hoc#2                                        


            R1-1710075
Qingdao, P.R. China, June 27th – 30th, 2017
Agenda item:
5.1.3.1.1.2
Source: 
CATT

Title: 
Further details of NR-PDCCH RS structure
Document for:

Discussion and Decision
1. Introduction
At the last RAN1 meeting, the NR-PDCCH transmission schemes were extensively discussed and the following agreements on transmit diversity scheme and DMRS were reached [1]: 
Agreements:
· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3

· FFS on DMRS pattern

The DMRS RE overhead for the REG transmitting DMRS and the detail DMRS pattern is still outstanding. In this contribution, we give the evaluation results of different DMRS pattern with different DMRS overhead. Also, the necessity of DMRS overhead reduction is further discussed.
2. Discussion
In the last meeting, the DMRS overhead reduction has been extensively discussed and several companies presented evaluation results e.g. [2]-[5]. In this contribution, we will discuss the specification impact issues for one-port transmit diversity scheme. Also, evaluation results about DMRS overhead are also presented.
2.1 DMRS design
In the last meeting, extensive evaluation was presented on the NR-PDCCH transmission scheme. One assumption is that the DMRS overhead in one NR-REG is 33%, i.e. there are 4 DMRS REs within one NR-REG. From the given evaluation results, the performance of one antenna port precoder cycling could approach or even be better than that of two port SFBC under the assumption of 33% DMRS overhead. On the other hand, a minimum of 2 REs is required for 1-port precoder cycling but more, e.g. 4 REs, can be considered to allow a gNB the flexibility of supporting transparent MU-MIMO in a control resource set. Alternatively, if MU-MIMO is not configured, it provides channel estimation gain which is useful when REG bundling for channel estimation is not enabled. We do not foresee that larger DMRS overhead is needed within a PRB as there would be diminishing returns in terms of channel estimation gain whilst reducing the control resource set capacity (for the same bandwidth a smaller number of CCEs would be supported).  Regarding the lower DMRS overhead will introduce additional coding gain, it should be also considered. In this contribution, we further analyze the DMRS pattern with lower overhead, e.g. 25% for each REG transmitting DMRS. The different DMRS patterns with different overhead are shown in figure 1.
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Figure1: DMRS patterns with different overhead
The evaluation results assuming different DMRS pattern are shown in the following figure. The above two DMRS patterns in each REG are assumed. The DMRS REs are present in every REG. Two contiguous REGs constitute one REG bundle and the same precoder is used in each REG bundle. Distributed mapping are considered.  The cases with low and high UE speed are also evaluated in order to study the performance of different DMRS pattern in different Doppler spread scenario. More detail simulation assumptions could be found in the appendix.
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Figure3: Simulation results for different DMRS patterns with distributed mapping
From the above evaluation results, some observation could be obtained as follows:
· When the higher aggregation level is used, the performance gap between 33% DMRS overhead and 25% DMRS overhead is marginal. In this case, the coding gain derived from higher AL could almost compensate the degradation of channel estimation caused by smaller DMRS RE density.
· When the lower aggregation level is used, the case with 25% DMRS overhead outperforms that of 33% DMRS overhead. In the scenario with high coding rate, the coding gain is the dominated factor. The benefits of more precise channel estimation harvested from the higher DMRS RE density could not cover the deterioration caused by less available Res for DCI. 

· Even for the DMRS pattern with 25% overhead, the high Doppler spread caused by high UE speed could still be handled.
Proposal1: DMRS overhead with 33% is sufficient and the lower DMRS overhead should be considered, e.g. 25%.
2.2 DMRS overhead reduction

Another concern is whether to introduce DMRS reduction mechanism when a NR-PDCCH candidate is mapped onto multiple OFDM symbols. For example, the DMRS is only located on the first OFDM symbol resulting in more REs within a CCE for control. One example is shown in Figure 4, where it is assumed that, if present, the DMRS overhead in a NR-REG is 33%. If the DMRS is only located on the first OFDM symbol in the CORESET, the DMRS overhead could be cut down to 16.5% and 11% for the 2-OS CORESET and 3-OS CORESET respectively. The channel estimation accuracy may be degraded if the DMRS overhead is reduced. On the other hand, the degradation in channel estimation could be more than offset by the coding gain obtained because more REs are available for control information. 
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Figure 3: Example of DMRS overhead reduction

The evaluation results are shown in Figure 6-7. The DCI payload size is 60 bits, while the CCE size is 6 REGs. DMRS overhead of 33%, 16.5%, 11% are evaluated. In our simulation, time-first CCE-to-REG mapping and frequency-first PDCCH-to-CCE mapping are assumed, as shown in Figure 5. Localized mapping is used and the bundling size is one REG. The DMRS is only located on the first OFDM symbol in the CORESET. For 33% /16.5%/11% DMRS overhead, one/two/three OFDM symbol are assumed respectively.  Both 3km/h and 120km/h are simulated. A detailed set of simulation assumptions is shown in the appendix.
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Figure 4: Resource mapping for the simulation
From the evaluation results, the following observations could be derived:
· DMRS overhead reduction outperforms 33% DMRS overhead case. Coding gain could be obtained from the reduction of DMRS overhead. For example, 60 REs in a NR-CCE could be used for the NR-PDCCH in a NR-CCE with 16.5% DMRS overhead in contrast to 48 REs with 33% DMRS overhead.
· The performance gap between higher DMRS overhead and lower DMRS overhead shrinks when larger aggregation level is used. The reason is the coding gain derived from DMRS overhead reduction is not very remarkable if the coding rate is low compared to the case with high coding rate.

· When the UE speed is 120km/h, the performance deteriorates because the DMRS is only located on the first OFDM symbol resulting in poorer channel estimation.
· The performance of 16.5% DMRS overhead and 11% DMRS overhead is close to each other.

· The performance of 16.5% DMRS overhead is even better than that of 11% DMRS overhead when larger aggregation level is used.

· The more DMRS RE is used, the more robust to Doppler. It can be seen for 120km/h that the 11% DMRS overhead case suffers from poor channel estimation compared to the 33% overhead case.
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Figure 5: Evaluation results of different DMRS overhead with UE speed=3km/h
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Figure 6: Evaluation results of different DMRS overhead with UE speed=3km/h
Observation3: DMRS overhead reduction could provide performance gain but the observed gain depends on Doppler and the effective coding rate.
Proposal2: DMRS overhead reduction should be considered at least for small aggregation levels.
3. Conclusion

In this contribution, we analyze the impact to specification from SCDD and give our evaluation results for different DMRS overhead. The following observations could be achieved:
· Observation1: DMRS overhead reduction could provide performance gain but the observed gain depends on Doppler and the effective coding rate.
In addition, the following proposal could be achieved:
· Proposal1: DMRS overhead with 33% is sufficient and the lower DMRS overhead should be considered, e.g. 25%.
· Proposal 2: DMRS overhead reduction should be considered at least for small aggregation levels.
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5. Appendix

Table1: Assumption for DMRS pattern evaluation

	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15KHz

	DS Scaling
	1000ns

	Bundle size
	2 REG

	UE speed
	3Km/h, 120Km/h

	CCE to REG mapping
	For precoder cycling: Distributed

	DCI size
	60bits+16bits CRC

	Aggregation level
	1, 4,

	Number of OFDM symbols
	1

	DMRS density
	1/4, 1/3 

	Control resource set size
	50 RBs

	TXD
	Precoder cycling(RB level)

	Channel estimation
	Practical: MMSE

	Channel model
	TDL-C

	Channel estimation size
	Precoder cycling: 2RB

	Antenna configuration
	2 TX 2 RX

	Number of antenna port
	Precoder cycling: one antenna port

	Modulation order
	QPSK

	Channel coding
	TBCC


Table2: Assumption for DMRS overhead reduction evaluation
	Parameters
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15KHz

	DS Scaling
	1000ns

	UE speed
	3Km/h, 120Km/h

	CCE size
	6 REG

	REG size
	1 RB in frequency and 1 OFDM symbol in time

	CCE to REG mapping
	For precoder cycling: Localized

	DCI size
	60bits+16bits CRC

	Aggregation level
	1, 4,

	Number of OFDM symbols
	1,2,3

	DMRS density
	33%,16.5%,11%

	Control resource set size
	50 RBs

	TXD
	Precoder cycling(RB level)

	Channel estimation
	Practical: MMSE

	Channel model
	TDL-C

	Channel estimation size
	Precoder cycling: 1RB

	Antenna configuration
	2 TX 2 RX

	Number of antenna port
	Precoder cycling: one antenna port

	Modulation order
	QPSK

	Channel coding
	TBCC
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