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1 Introduction
In RAN1#89 meeting, agreement [1] for REG bundle was made as follows:
Agreements:
· CCE = 6 REGs (confirm Working Assumption)

· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:

· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive

· CCE(s) of one PDCCH is/are also consecutive

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle

· For REG-to-CCE mapping for a CORESET with more than 1-symbol;

· REG bundle is defined in time and frequency-domain

· At least support following:

· Time-first mapping where one of the following is configured

· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration

· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· FFS: time-domain precoder-cycling

· Support REG bundle in time-domain being equal to 1 symbol, or;

· Support following:

· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol

· A PDCCH candidate can be mapped across OFDM symbols
In this contribution, we provide our views on following issues:

1. Whether the UE can assume the same precoder across multiple REG bundles;
2. Down selection among {2},{3},{2,3},{2,6},{3,6},{2,3,6};
3. REG bundle in time-domain.
2 Discussion
The rules of REG-to-CCE mapping are different between the case of a 1-symbol CORESET and that of a CORESET with more than 1-symbol. There are two configurations of interleaving and no interleaving in each case.  For different channel conditions, such as different delay spread and different Doppler effect  or different SNR region where UE is located, there is an appropriate REG bundling size considering the tradeoff between channel estimation and transmit diversity gain. Large REG bundling size within coherent time/bandwidth is beneficial for channel estimation. However, REG bundle will reduce diversity gain due to restricting precoder cycling granularity. According to the agreement in the RAN1#89 meeting, we provide our views on whether the UE can assume the same precoder across multiple REG bundles, down selection among {2},{3},{2,3},{2,6},{3,6},{2,3,6} and REG bundle in time-domain. The detailed simulation settings are listed in Table 1 in appendix.
Whether the UE can assume the same precoder across multiple REG bundles

In Figure 1, we consider no interleaving of a 1-symbol CORESET and the aggregation level (AL) is 2. From transmit diversity gain point of view, case0 has better percoder gain than case1 due to CCE0 and CCE1 of case0 pass through different precoders. On the other hand, case1 can acquire better channel estimation quality if the coherent bandwidth is larger than the range of CCE0 plus CCE1. 
The coherent bandwidth is highly related with delay spread, hence the channel model of TDL-C with the RMS delay spread 30ns, 300ns and 1000ns are simulated. In Figure 2, we can see the MSE of case1 is slightly better than case0 as the delay spread are 30ns and 300ns. However, when the delay spread is 1000ns, the benefit provided by REG bundles is gone due to severe frequency selectivity. 
Observation 1: Multiple REG bundles can’t provide any benefit while the delay spread is large.

The BLER of case0 is better than case1 even though the MSE of case1 is better. This is because the provided transmit diversity gain can cover the loss of channel estimation.
Observation 2: Multiple REG bundles configuration has worse BLER performance in each delay spread case.

When the delay spread is 1000ns, the MSE of case1 is not good enough for demodulation and causes error floor in the performance of BLER. For another no interleaving case of a CORESET with more than one symbols, REG bundle is defined in time and frequency-domain. The variation of channel is not only depends on delay spread but also Doppler effect. It is also not appropriate for UE to assume that multiple REG bundles pass through the same precoder. And for interleaving case of a 1-symbol COREST or a CORESET with more than one symbol, different REG bundles are distributed in the CORESET, therefore, it is definitely not appropriate to assume that UE can use the same precoder across multiple REG bundles.
Proposal 1: For REG-to-CCE mapping, different precoders across multiple REG bundles should be considered.
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Figure 1: An example for multiple REG bundles.
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(a) Simulation results for delay spread of 30ns
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(b) Simulation results for delay spread of 300ns
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(c) Simulation results for delay spread of 1000ns

Figure 2: Simulation results of BLER and MSE.
Down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}

An illustration for interleaving of a 1-symbol CORESET is shown in Figure 3. Case1c has better MSE curve as the delay spread are 30ns and 300ns but worse with delay spread of 1000ns due to severe frequency selectivity which can be seen in Figure 4. When AL is 1 or 8 and with delay spread of 30ns or 300ns, the BLER of case1c is slightly better due to better channel estimation. However, case1c has poor performance in all ALs as the delay spread is 1000ns. When AL is 2, case1a has best BLER in all delay spread case due to transmit diversity gain. If taking the accuracy of channel estimation, transmit diversity gain, AL and SNR region where UE is located into consideration, case1b seems more robust. Since delay spread and SNR region will depend on fast fading and large scale fading of the channel between UE and gNB. The REG bundling size for interleaving of a 1-symbol CORREST should be optimized based on different UEs.  
Proposal 2: For interleaving of a 1-symbol CORESET, configurable REG bundling size should be supported. 
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Figure 3: An illustration for interleaving of a 1-symbol CORESET.
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(a) Simulation results for delay spread of 30ns
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(b) Simulation results for delay spread of 300ns
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(c) Simulation results for delay spread of 1000ns
Figure 4: Simulation results of BLER and MSE
REG bundle in time-domain
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

Distributed REG-to-CCE mapping is shown in Figure 3. Figure 4 shows the RS pattern for option1 and option2. Figure 5 and Figure 6 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. In option 1, DMRS is sent in each REG. It is useful to improve the MSE of channel estimation which is shown in Figure 5 and Figure 6. 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 5, 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 5, option 1 outperforms option 2 in higher aggregation level.

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

In Figure 6, 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 4: 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 simulation results, option 2 seems not attractive since the benefit is limited. 

Proposal 3: When REGs in a REG bundle are contiguous in time domain, all REGs should have DMRS.
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Figure 3. REG-to-CCE mapping
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Figure 4. RS pattern for option1 and option2.
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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 5. 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 6. Simulation results for UE speed 300km/h
3 Conclusion
In this contribution, we evaluate whether UE can assume the same precoder across multiple REG bundles, down selection among {2},{3},{2,3},{2,6},{3,6},{2,3,6} and REG bundle in time-domain. According to the simulation results, we have following observations:
Observation 1: Multiple REG bundles can’t provide any benefit as the delay spread is large.

Observation 2: Multiple REG bundles configuration has worse BLER performance in each delay spread case.

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

Observation 4: 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 propose
Proposal 1: For REG-to-CCE mapping, different precoders across multiple REG bundles should be considered

Proposal 2: For interleaving of a 1-symbol CORESET, configurable REG bundling size should be considered.
Proposal 3: 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 30ns, 300ns, 1000ns

	System bandwidth [MHz]
	20

	Subcarrier spacing [KHz] 
	15

	UE speed
	3km/h, 300km/h

	Antenna configuration
	2X2

	DCI payload
	60 bits + CRC 16bits

	RS density
	1/3

	Channel estimation
	2D-MMSE

	Encoding scheme
	TBCC

	Resource mapping
	Localized/Distributed REG-to-CCE mapping

	Number of control channel symbol
	1~3

	CCE aggregation level
	AL 1, 2, 4, 8


