
3GPP TSG RAN WG1 Meeting #89



 

        

 R1-1708716
Hangzhou, China, 15th-19th, May, 2017
Agenda Item:
7.1.3.1.1
Source:
ITRI
Title:
Discussion on REG bundle in time-domain
Document for:
Discussion/Decision
1 Introduction
In RAN1#88bis meeting, agreements and working assumptions for REG bundle were made as follows: 
Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported

· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

FFS whether REG bundle size is configurable
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS the bundling size

· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels
Working assumption:
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs

· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.
In this contribution, we provide our views on the REG bundle in time-domain and the RS structure.
2 Discussion
REG bundling means that UE can assume REGs in a REG bundle with the same precoder. When the bundle size is within coherent time/bandwidth, the channel estimation performance is increased due to more pilots can be estimated jointly. REG bundling can be realized in frequency domain and time domain. However, REG bundling in frequency domain had been discussed widely in previous meetings. Here, we focus the REG bundling on time domain and discuss whether all REGs have DMRS or not. 
When symbol length of CORSET duration is 2 or more, time domain REG bundling can be applied. From channel estimation point of view, if all REGs have DMRS, the accuracy of channel estimation is more precise. On the other hand, we can share DMRS among REGs which means the demodulation of REG not containing DMRS is realized by the DMRS in adjacent REGs. Denser DMRS structure may benefit the channel estimation, yet sharing DMRS among REGs may benefit the coding gain.   It is a trade-off between channel estimation performance and coding gain. 
Base on the discussion above, there are two options to be analysed for REG bundle in time-domain shown as follow:
· Option 1: Adjacent REGs in time domain uses the same precoder and DMRS is sent in each REG. 
· Option 2: Adjacent REGs in time domain uses the same precoder and DMRS is sent in the earlier time REG only.
In our simulation, aggregation level (AL) 1, 2, 4 and 8 cases are simulated corresponding to 1, 2, 4 and 8 CCEs.   We assume that 1 CCE has 6 REGs, and 1 REG has 12 REs (may not include RS REs). Candidate bundle sizes for distributed REG-to-CCE mapping are 2 and 3 as shown in Figure 1. Figure 2 shows the RS pattern for option1 and option2. Figure 3 and Figure 4 represent the comparison for BLER performances and channel MSE of option1 and option2 according to the SNR for UE speed 3km/h and 300km/h respectively. The channel model is TDL-C with the RMS delay spread 300ns. Channel estimation is 2D-MMSE and channel is estimated in every REG bundle. DCI size is assumed 76 bits (including 16 bit CRC) and TBCC is used as channel coding. The simulation assumptions described above and other detailed simulation setting are listed in Table 1 in appendix.
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Figure 1. REG-to-CCE mapping
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Figure 2. RS pattern for option1 and option2.
In option 1, DMRS is sent in each REG. It is useful to improve the MSE of channel estimation which is shown in Figure 3 and Figure 4. In option 2, DMRS is sent in earlier time REG only which can decrease coding rate. It is useful for the case of lower aggregation level. In Figure 3, we can see the performance of option 2 is better than that of option 1 in the case of lower aggregation level, especially in aggregation level 1. However, in the case of higher aggregation level, the benefit provided from option 2 is limited since coding rate is low enough. In this situation, to further improve BLER, the accuracy of channel estimation is more important. As show is Figure 3, option 1 outperforms option 2 in higher aggregation level.
Observation 1: Reducing RS overhead to decrease coding rate can get better performance only in lower aggregation level as UE speed is 3km/h.
In Figure 4, we simulate the scenario of faster UE speed as well. When UE speed is 300km/h, the quality of estimated channels of option 2 are not good enough for demodulation. It causes the performance of option 2 is worse than that of option 1 in all simulated aggregation levels despite option 2 has lower coding rate. 
Observation 2: Reducing RS overhead to decrease coding rate can’t get better performance in all aggregation levels as UE speed is 300km/h.
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(a) BLER and MSE of option1 and option2 for bundling size 2
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(b) BLER and MSE of option1 and option2 for bundling size 3

Figure 3. Simulation results for UE speed 3 km/h
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(a) BLER and MSE of option1 and option2 for bundling size 2
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(b) BLER and MSE of option1 and option2 for bundling size 3

Figure 4. Simulation results for UE speed 300km/h
Based on the simulation results, option 2 seems not attractive since the benefit is limited. 

Proposal 1: When REGs in a REG bundle are contiguous in time domain, all REGs should have DMRS.
3 Conclusion
In this contribution, we evaluate and compare option1 and option2 for REG bundle in time domain. According to the evaluation results, we have following observations:

Observation 1: Reducing RS overhead to decrease coding rate can get better performance only in lower aggregation level as UE speed is 3km/h.

Observation 2: Reducing RS overhead to decrease coding rate can’t get better performance in all aggregation levels as UE speed is 300km/h.
Based on the observations above, we proposal:
Proposal 1: When REGs in a REG bundle are contiguous in time domain, all REGs should have DMRS.
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Appendix

Table 1. Link level simulation parameters

	Parameters
	Values

	Carrier frequency
	4GHz

	Channel model
	 TDL-C 300ns

	System bandwidth [MHz]
	20

	Subcarrier spacing [KHz] 
	15

	UE speed
	3km/h, 300km/h

	Antenna configuration
	2X2

	DCI payload
	60 bits + CRC 16bits

	Channel estimation
	2D-MMSE

	Encoding scheme
	TBCC

	Resource mapping
	Distributed REG-to-CCE mapping

	Number of control channel symbol
	2 or 3

	CCE aggregation level
	AL 1, 2, 4, 8


