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Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].
Agreement:
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case

Further agreement on repetition transmission for reliability enhancement for URLLC was achieved in RAN1 ad-Hoc meeting 1901 [2]:
Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

After RAN1 #96, an email discussion [96-NR-09] was kicked off for discussion of reliability transmission schemes, and the following conclusions were consolidated:
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
·  Scheme 1a:  
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
·         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
· §  Scheme 1b: 
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
·         Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
·         FFS: codeword-to-layer mapping when total number of layers <= 4
· Scheme 1c: 
·         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
· Applying different MCS/modulation orders for different layers or layer sets can be discussed.
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a: 
·         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b: 
·         Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed
In this contribution, we provide our views on PDSCH/PDCCH/PUSCH/PUCCH enhancements using multi-TRP transmission. 



Reliability/robustness enhancement with multi-TRP/panel/beam transmission
For the URLLC application, reliability and robustness can be significantly improved with M-TRP/panel/beams for all NR channels. The main focus of this paper is for reliability enhancement over PDSCH. 
PDSCH
The PDSCH is, inevitably, of the most interests in RAN discussions for reliability enhancement under M-TRP. Referring back to e-mail discussion [96-NR-09], the rate matching methods for reliability PDSCH transmission schemes 1 & 2 has been discussed intensively. The main debate of two rate matching methods includes spec impacts and performance benefits. For detailed analysis of rate matching methods can be referred to our company paper [3]. In this section, we provide overviews and analysis of spatial/frequency/time domain cooperative transmission schemes from multiple TRPs/panels under ideal backhaul scenarios respectively.
Scheme 1 (SDM): Spatial domain reliability enhancement transmission
In this sub-section, the reliability transmission can be achieved by spatial multiplexing (SDM) using multi-TRPs whereas time-frequency resources are fully-overlapped. The scheme 1a in e-mail discussion [96-NR-09] have single codeword transmitted from different TRPs, and the scheme 1b have TB repetitions transmitted from respective TRPs. Table I summarizes differences between single codeword transmission and TB repetition transmission in terms of rate-matching, modulation layer mapping and antenna port mapping. 
· For single codeword transmission (scheme 1a), single RV and MCS are applied. Different DMRS ports are 1-to-1 mapped to different transmission layers. Given that one layer set (consisted of 1 or 2 layers) corresponds to one TRP, then each TCI state can be associated with DMRS port(s) corresponding to one layer set. 
· For TB repetition transmission (scheme 1b), multiple RVs are applied. Given that the current discussion is based on the assumption of single-DCI scheduling, it seems much easier to keep MCS the same for each TB repetition transmission. Otherwise, different MCS will result in different time-frequency resource occupations for each TB repetition when TB size is the same. Some effort is need to define the antenna port mapping rule for repeated TB and orthogonal DMRS port. Similarly, each TCI state can be associated with DMRS port(s) corresponding to one TB.
Table I: Physical-layer configurations of scheme 1a and scheme 1b in M-TRPs
	Procedure
	Single codeword transmission(scheme 1a)
	TB repetitions transmission(scheme 1b) 

	Rate-matching
	Single RV
	Multiple RVs

	Modulation
	Single MCS
	Same MCS for different repetition transmission (especially under single-DCI scheduling)

	Layer mapping
	1 CW  2 layers
[image: ]
	CW0  layer0 (of one TB)
CW0  layer0 (of repeated TB)
[image: ]

	Antenna port mapping
	{TCI state 1, TCI state 2} is associated to DMRS port {0, 2} for example
	{TCI state 1, TCI state 2} is associated to DMRS port {0, 2} for example
DMRS port {0}  layer0 of one TB
DMRS port {2}  layer0 of repeated TB
Number of layers v = 1



3.1.2.1 Performance evaluations of scheme 1a and scheme 1b
The multi-RV based rate matching method is expected to have a better performance than single-RV based method, when coding rate is lower enough and the channels from TRPs to the UE are quite different (For detailed analysis of rate matching methods can be referred to our company paper [3]). The LLS is setup and the performance of both method are evaluated. The MSC & coding rate of two rate matching methods are set to [0.1, 0.2] @ QPSK respectively. A path loss delta between two TRPs are set to [0dB, 3dB, 6dB]. The rest simulation assumptions can be referred to Table I in appendix. The performance comparison of scheme 1a and 1b in terms of BLER of two rate matching methods are given in Figure 1. It is observed that, two rate matching methods perform almost the same when there is no path loss delta between TRPs even at the region of BLER 10-5. By applying PL delta of 3dB and 6dB, the multi-RV based method outperforms than single-RV method, i.e. about 0.3dB and 1dB performance gain at BLER 10-5 respectively.  
Observation 1: The scheme 1b outperforms than the scheme 1a at low coding rate region, when path loss delta exists between TRPs, due to better self-decodable capability of multi-RV based rate matching method.
[image: ]
Figure 1. Performance comparison of scheme 1a and 1b at different path loss delta.
Further evaluation are provided in Figure 2, where larger PL deltas of 10 dB and 20 dB are applied to one of the TRP with probability of 10% and 5% respectively. Such channel condition could be possible especially in FR2. It is observed that, the BLER of scheme 1a is greatly affected that an error floor lasts about 1dB and 3 dB under two deep fading cases respectively. In the contrast, the scheme 1b is almost not affected for the case of 10% PL delta of 10dB, and slight affected for the case of 5% of PL delta 20dB. At the BLER of 10-5, the scheme 1b shows about 1.8dB and 2.5dB gain than the scheme 1a under two deep fading cases respectively. 
Observation 2: the scheme 1b has much better performance when random deep fading, i.e. 10-20dB, is added to one of the TRP due to the strong self-decodable capability of multi-RV based rate matching method in low coding rate region.
[image: ]
Figure 2. Performance comparison of scheme 1a and 1b when one of the TRP falls into deep fading with a certain probability
It is expected that a 3-6dB PL delta may be regular for the M-TRP cooperation scenario. In addition, typical URLLC application may also focus on low coding rate region for reliability consideration. In FR2, some challenge channel conditions like blockage can be expected. The scheme 1b has superior reliability performance in above scenarios. On the other hand, under the cases with high coding rate or without PL delta, the single-RV and multi-RV based methods should have very similar performance. 
Observation 3: The multi-RV based rate matching method shows a great potential in reliability enhancement under typical URLLC services where URLLC coding rate is relatively low with typical 3-6dB PL difference among M-TRP. Moreover, it has much stronger resilience for the channel blockage in FR2 due to strong self-decodable capability. 
3.1.2.1 Performance evaluations of scheme 1 over Rel-15 PDSCH time domain repetition scheme
Compared to the Rel-15 PDSCH time repetition scheme, the scheme 1 obviously can benefit from spatial diversity as the TB repetitions are received from different TRPs. In an addition, scheme 1 has lower latency as the TB repetitions are transmitted at the same time. Moreover, resource utilization is more efficient as the time-frequency resources that transmitting the repeated TBs are fully-overlapped in the scheme 1. 
As a supporting, the SLS results of scheme 1 over the Rel-15 PDSCH time repetition are shown in Figure 3. The performance indicator for evaluation is defined as the UE ratios satisfying X BLER within certain time limit, which is set to 1ms for our simulation. Figure 3(a) shows the performance of SDM and Rel-15 PDSCH time repetition in a relatively low traffic scenario with a packet arriving rate of 500p/s. Figure 3(b) shows the performance in a higher traffic scenario with packet arriving rate 1000p/s. It can be observed that for both low and high traffic scenarios, SDM scheme can achieve a significant gain over the baseline scheme. The ratio of UEs satisfying 99.999% reliability within 1ms is improved with about 18% gain for low traffic scenario. And for high traffic scenario, SDM scheme can obtain 24% ratio gain over baseline. The detailed simulation assumptions can be referred to our company paper [4].                   
[image: All_500_64_2][image: All_1000_64_2]
	(a) low traffic
	(b) high traffic


[bookmark: _Ref534812796]Figure 3 Reliability gain of scheme 1 over Rel-15 baseline
Based on the analysis and evaluation results showing by Figure 1-3, the scheme 1b has advantages in reliability enhancement, and the minor specification efforts is needed. 
Proposal 1: Support spatial domain TB repetition transmission, i.e. scheme 1b (SDM), from M-TRPs for reliability enhancement in Rel-16. 
· Support separate redundancy version, DMRS port(s), TCI state per TB repetition whereas each TCI state corresponding to one TB repetition is associated to DMRS ports(s) per layer set. 
· Support common MCS across all layer sets
· Minor spec effort is needed by enhancing antenna port mapping rules
Scheme 2 (FDM): Frequency domain reliability enhancement transmission
The main difference of scheme 2 is the time-frequency resources assigned to different TRPs are frequency multiplexed (FDM). Due to the non-overlapping time frequency resources, there will be no inter-layer interference. But the resource utilization efficiency of the scheme 2 is lower than scheme 1. Each TRP can only schedule data transmission in partial band, and TRPs need to perform muting over PRBs which are used by other TRPs. With PRB muting, power boosting can be applied to improve the reliability.
According to the e-mail discussion [96-NR-09], the scheme 2a corresponds to the single-RV based FDM scheme, and the scheme 2b corresponds to the multi-RV based FDM scheme. In the perspective of different rate matching methods, similar performance can be expected that, the scheme 2b may outperforms than scheme 2a in some low coding rate region when path loss delta exists. On the other hand, the comparison between scheme 1b and scheme 2b is provided in our SLS results as shown in figure 3. The scheme 2b is slightly better than scheme 1b at a relatively low traffic scenario at BLER of 10‑5. But the scheme 1b significantly outperforms than scheme 2b at a high traffic scenario at BLER around 10-5. 
Observation 4: The SLS result shows the application scenarios of scheme 2b may be limited compared to scheme 1b, e.g. only when the traffic load is small. When the traffic load increased, the performance loss of Scheme 2b becomes significant compared to the scheme 1b. 
In the perspective of spec impact, the difficulty is the indication method for two non-overlapping frequency resource assignment considering from both scheduling flexibility and DCI overhead in case of single DCI scheduling. It becomes even more complicated when different MCS are considered for different non-overlapped time-frequency resource allocation, with regarding to frequency and/or time domain resource assignments. 
Observation 5: The spec changes of scheme 2 may depend on detailed resource allocation indication considering the balance between flexibility and DCI payload for resource allocation. 
Scheme 4 (TDM): Time domain TB repetition transmission with K different slots
The concept of scheme 4 is almost the same as Rel-15 PDSCH time repetition, where only difference is the TB repetition is assumed to be transmitted from multiple TRPs. A brief demonstration of scheme 4 is given by Figure 4. In general, different TCI states and RVs can be applied to each transmission occasions, so that the TB received from different TRPs can have spatial diversity gain and coding gain from soft-combining. For repetition purpose, the MCS and DMRS port(s) can keep the same across all the transmission occasions. 
The spatial diversity of scheme 4 could be essential to serve URLLC scenarios under some challenging channel conditions, e.g. under mobility or channel blockage of moving obstacles. For those scenarios, determining the best serving TRP and associated scheduling may not be precise enough so that multi-TRP spatial diversity can be an effective mean for some URLLC services. 
As the Rel-15 PDSCH time repetition has been supported, so that very limited specification effort is required for scheme 4. Probably the only spec change is the association of TCI states to different TB transmission occasions. 
Observation 6: The scheme of time domain TB repetition transmission with K different slots using multiple TRPs may be more beneficial with URLLC services with less reliability channel knowledge and FR2 with severe channel blockage, having limited specification effort.
[image: ]
Figure 4: A diagram of time domain TB repetition transmission scheme where repetitions are across K slots
Scheme 3 (TDM): Time domain TB repetition transmission within a slot
The scheme 3 is, compared to the scheme 4 analysed in the above section, simply an enhancement in terms of time latency. A brief demonstration of scheme 3 is given by Figure 5. The time granularity of scheme 3 is mini-slot, so that a TB can be repeated within a slot to reduce the latency. Similarly, different RVs and TCI states can be applied to different mini-slot based TBs. For simplicity, the MCS and DMRS port(s) should also keep the same for all transmission occasions. The spec change in additional to scheme 4 is the indication of multiple time domain resource assignment within a slot scheduled by single-DCI. 
Observation 7:  Scheme 3 can be considered as enhanced scheme 4 with mini-slot based PDSCH repetition which is flexible and efficient to support time domain TB repetition within a slot. 
[image: ]
Figure 5: A diagram of time domain TB repetition transmission scheme where repetitions are within a slot
Proposal 2: Support time domain PDSCH repetition, i.e. scheme 3 and 4, from M-TRPs for reliability enhancement in Rel-16
· For scheme 3, the TB repetitions are within a slot
· Support separate RVs and TCI states on each TB repetition whereas the association of TCI states to different transmission occasions and the indication of time domain resource allocation of mini-slots shall be specified.  
· Support common MCS and DMRS port(s) across all transmission occasions
· For scheme 4, the TB repetitions are with K different slots
· Support separate RVs and TCI states on each TB repetitions whereas the association of TCI states to different transmission occasions shall be specified
· Support common MCS and DMRS port(s) across all transmission occasions
PDCCH
· Repetition/diversity of DCI
To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered. Similar to PDSCH reliability improvement, spatial diversity from multiple TRP transmissions combined with PDCCH repetition can be used to improve the PDCCH reliability. Figure 6 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times. The later can be considered as an extension of PDCCH time repetition scheme discussed in URLLC session using multiple TRPs. PDCCH repetitions sent from multiple TRPs using multiple CORESETs configured with different TCI states can be considered. 
	 [image: ]


[bookmark: _Ref534819125]Figure 6: PDCCH repetition transmitted from different TRPs at the same or different times
A link level evaluation for PDCCH repetition scheme from multiple TRPs, compared with the Rel-15 baseline, i.e. a PDCCH transmission without repetition from a single TRP, is provided in [3]. The performance of the PDCCH repetition from multiple TRPs, each repetition with lower AL, is compared with that of Rel-15 scheme using a higher AL, to have the same number of total CCEs for both schemes. In the repetition scheme, both with and without soft combining are considered. The results shows that due to spatial diversity, steeper slopes are observed for multiple TRP cases, compared with the baselines. Moreover, the repetition from multiple TRPs with soft combining outperforms the single TRP transmission scheme. Besides, PDCCH repletion without soft combining performs worse than the single TRP transmission scheme, though having the steeper slope. 
Observation 8: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
Proposal 3: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
[bookmark: _Ref533691938]The detailed mechanism for PDCCH repetition with soft combining with the consideration of low blind detection numbers can be referred to our company paper [5]
PUSCH
In Rel-15, PUSCH repetition based on slot aggregation has already been supported, where the same time and frequency resource allocation indicated in DCI is used in consecutive slots. Besides, the same precoder is applied across the repetitions. To further improve the reliability/robustness of PUSCH repetition, multiple precoders could be supported for both codebook based and non-codebook based PUSCH slot aggregation as shown in Figure 7. More details can be referred to our company paper [6].
[image: ]
[bookmark: _Ref533693218]Figure 7: Precoder cycling based PUSCH slot aggregation
Proposal 4: Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders 
PUCCH
Similar to PUSCH, a spatial diversity offered by multiple TRPs/beams/panels may be benefits for PUCCH as well. Further study on how to indicate spatial information for PUCCH repetitions can be considered. 
Conclusion
This contribution provides our views on reliability/robustness transmission of PDSCH using multiple TRP transmission. In summary, the following observation and proposals are made. 
Observation 1: The scheme 1b outperforms than the scheme 1a at low coding rate region, when path loss delta exists between TRPs, due to better self-decodable capability of multi-RV based rate matching method.
Observation 2: the scheme 1b has much better performance when random deep fading, i.e. 10-20dB, is added to one of the TRP due to the strong self-decodable capability of multi-RV based rate matching method in low coding rate region.
Observation 3: The multi-RV based rate matching method shows a great potential in reliability enhancement under typical URLLC services where URLLC coding rate is relatively low with typical 3-6dB PL difference among M-TRP. Moreover, it has much stronger resilience for the channel blockage in FR2 due to strong self-decodable capability.  
Observation 4: The SLS result shows the application scenarios of scheme 2b may be limited compared to scheme 1b, e.g. only when the traffic load is small. When the traffic load increased, the performance loss of Scheme 2b becomes significant compared to the scheme 1b. 
Observation 5: The spec changes of scheme 2 may depend on detailed resource allocation indication considering the balance between flexibility and DCI payload for resource allocation. 
Observation 6: The scheme of time domain TB repetition transmission with K different slots using multiple TRPs may be more beneficial with URLLC services with less reliability channel knowledge and FR2 with severe channel blockage, having limited specification effort.
Observation 7:  Scheme 3 can be considered as enhanced scheme 4 with mini-slot based PDSCH repetition which is flexible and efficient to support time domain TB repetition within a slot. 
Observation 8: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 

Proposal 1: Support spatial domain TB repetition transmission, i.e. scheme 1b (SDM), from M-TRPs for reliability enhancement in Rel-16. 
· Support separate redundancy version, DMRS port(s), TCI state per TB repetition whereas each TCI state corresponding to one TB repetition is associated to DMRS ports(s) per layer set. 
· Support common MCS across all layer sets
· Minor spec effort is needed by enhancing antenna port mapping rules
Proposal 2: Support time domain PDSCH repetition, i.e. scheme 3 and 4, from M-TRPs for reliability enhancement in Rel-16
· For scheme 3, the TB repetitions are within a slot
· Support separate RVs and TCI states on each TB repetition whereas the association of TCI states to different transmission occasions and the indication of time domain resource allocation of mini-slots shall be specified.  
· Support common MCS and DMRS port(s) across all transmission occasions
· For scheme 4, the TB repetitions are with K different slots
· Support separate RVs and TCI states on each TB repetitions whereas the association of TCI states to different transmission occasions shall be specified
· Support common MCS and DMRS port(s) across all transmission occasions
Proposal 3: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
Proposal 4: Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders 
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Appendix
Table-I Link level simulation assumptions for Figure 1 & Figure 2
	Parameters
	Value

	Num TRPs
	2

	Num UE
	1

	Layer Number
	1 Layer/TRP

	Channel
	CDL-B delay spread 100

	PL Delta
	Figure 5: {0, 3, 6}dB
Figure 6: {10dB @10% , 20dB @5%}

	Carrier frequency
	4 GHz

	SCS
	30 kHz

	System bandwidth
	6 RB

	Velocity
	3km/h

	gNB Antenna
	4 Tx, cross polarized, 0.5λelement spacing

	UE Antenna 
	2 Rx, cross polarized, 0.5λ element spacing

	MCS
	Coding rate [0.1, 0.2] @QPSK for single/Multi-RV based method respectively

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC
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