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Introduction
In RAN1 #88bis meeting, three possible agreements [1] were made on transmission scheme 2 for DL after extensive discussion.  These three possible agreements refer to precoder-cycling (RB-level cycling or RE-level port cycling), SFBC and transparent schemes (SCDD or RB-level cycling), respectively.  Extensive comparison among those schemes via system/link simulation and theoretical analysis were presented in our past contributions [2-4].  In this document, we discuss some remaining issues on interference rejection and the CQI derivation for Semi-OL schemes.
Discussion
In [2], we discussed the mismatch between estimate interference and actual interference for non-transparent schemes, i.e., SFBC and RE-level co-phase cycling. The analysis pointed out that SFBC has the interference mismatch issue when there is strong interference and the interference is SFBC. Besides, RE-level cycling will cause interference mismatch to neighboring cells no matter what transmission scheme is carried out in the neighboring cell. The simulation results in [3-4] showed that the performance of those two non-transparent schemes degrade dramatically with strong interference, thus confirming our analysis. In the following, we analyze the interference mismatch issue for RE-level port cycling following the same footsteps as in [2], discuss solution for interference type identification, and elaborate on the CQI derivation for semi-OL schemes.
Analysis on port cycling
The transmitted signal of port cycling writes as 

where  is the tone index,  is a  beam matrix selected according to wideband/long-term channel statistics;  is the  co-phase vector applied in tone ;  is the data symbol. The DMRS port is jointly formed by the beam matrix and the co-phase vector. Since the DMRS port cycles in RE-level, the number of DMRS ports is equal to the number of co-phase cycling candidates. For instance, if  (in words,  for  and  for ), there are 2 DMRS ports. if  (in words,  for   for   for  and  for ), there are 4 DMRS ports.
When port cycling is carried out in the neighboring cell, the received signal of the UEs in the serving cell writes as

where  refers to the desired signal sent by serving cell,  is the channel matrix from the neighboring cell,  is the interfering data from the neighboring cell and  is the noise, while  represents the effective channel of the DMRS port from the neighboring cell. Since the precoder cycles in RE level, the interference covariance matrix is tone-specific. Particularly, for the case with 2 cycling DMRS ports, the interference covariance matrix is  for tone 0, 2, 4, … and is  for tone 1,3,5…. However, since there are 2 DMRS ports, the estimate interference covariance matrix is , which is different from the interference covariance observed in each tone.
Note that some opinions suggest that if the DMRS signals are transmitted in FDM fashion, UE is able to accurately estimate the interference covariance in even tones and odd tones (considering the two DMRS ports case) separately and there will be no interference mismatch issue. However, the drawbacks of this solution are two-fold:
1. The number of interference estimation samples is halved because the interference estimation is processed in even tones and odd tones separately. This reduce the interference estimation accuracy especially for the noise part.
2. More importantly, the interference estimation procedure is an implementation issue. It should be independent of DMRS pattern and the type of interference transmission scheme. For instance, when the interference is a rank-2 spatial multiplexing, the actual interference is . In this case, it is obvious that using FDMed DMRS with even/odd tone-based interference estimation yields a mismatched interference covariance.
Notably, another drawback of port cycling is the power impairment between the data transmission and DMRS signal. Specifically, for rank-1, since one DMRS port is used per tone, the corresponding DMRS port uses full power, i.e., . However, if DMRS signals are transmitted using CDM-2, the power allocated to each DMRS port is 3dB lower than that used for data transmission. This 3dB difference would lead to degraded channel estimation quality. 
Furthermore, as mentioned above, to support 4 cycling candidates, port-cycling needs larger DMRS overhead (4 DMRS ports) than the RE-level co-phase cycling (which needs 2 DMRS ports) discussed in [2-4]. It is a huge overhead to support a rank-1 transmission. On the other hand, if we limit the number of DMRS ports equal to 2 (same overhead as RE-level co-phase cycling), port cycling can cycle only two co-phase vectors, which provides lower selectivity. Moreover, for rank-2, port cycling requires at least 4 DMRS ports, which is greater than the number of DMRS ports needed in RE-level co-phase cycling.
In addition, in port cycling, although the precoder used for data transmission is identical to the precoder used for DMRS ports, it contradicts with the conventional understanding of “transparent” scheme. In general, a transparent scheme employs all the DMRS ports in every tone, this default assumption does not yield any interference mismatch issue. In port cycling, the precoders are used in turn, which implicitly adds an extra precoder (for port selection) between the DMRS port and layers. This port cycling pattern has to be known to the UE. From this perspective, port cycling is not a transparent scheme. 
To sum, we present the key features of port cycling together with other schemes as in Table 1. Figure 1 and 2 illustrate some link-level simulation results at high Doppler with 4RB allocation. The results show that 2 DMRS based port-cycling achieves similar performance to RE-level co-phase cycling. At high SNR, port-cycling is slightly worse than RE-level co-phase cycling. This is because RE-level co-phase cycling has more cycling candidate than port cycling with 2 DMRS overhead, thus yielding a more robust performance. Moreover, transparent schemes outperform non-transparent schemes, and between the transparent schemes, SCDD yields the best results. Notably, in Figure 3, we show that transparent scheme like SCDD outperforms non-transparent schemes with 1RB allocation. This fact reveals the usefulness of transparent scheme with minimum RB allocation.
Table 1. Comparison between TS2 schemes (rank-1)
	
	SFBC
	RE-cyc
	Port-cyc
	RB-cyc
	SCDD

	# of DMRS ports
	2
	2
	4 (can be 2 if two cycling candidates)
	1
	1

	PRB bundling
	High
	high
	high
	Low (upto cycling granularity)
	High (upto wideband)

	Estimate Rnn (w/o noise)
	
	
	
	
	

	Actual Rnn (w/o noise)
	
	
	 in tone k
	
	

	Rnn mismatch
	Yes
	yes
	Yes
	No
	no
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Figure 1. INR=5dB, DS=100ns, Doppler=500Hz, 4RB
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Figure 2. INR=5dB, DS=300ns, Doppler=500Hz, 4RB
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Figure 3. INR=5dB, DS=100ns, Doppler=500Hz, 1RB
Observation 1: Port cycling is a non-transparent scheme. It suffers from interference rejection issue similar to SFBC and RE-level co-phase cycling. It requires larger DMRS overhead than RE-level co-phase cycling to have 4 cycling candidates (rank-1).
Proposal 1: NR support SCDD as Semi-OL transmission scheme.
Interference type identification
Our previous discussions focus on the performance loss of non-transparent schemes in the presence of strong inter-cell interference. On the other hand, if the interference type can be identified, one can construct the correct the interference covariance matrix, so as to enhance the performance, especially for SFBC. The interference type identification should be effective and with acceptable complexity. One solution is to employ different DMRS sequences for transparent schemes (e.g., closed-loop transmission) and SFBC. Particularly, after estimating and subtracting the desired channel, UE performs a blind detection using the remaining part of the DMRS received signal. Since the DMRS sequences have low cross-correlation and high auto-correlation, the interference type can be easily identified by the DMRS sequence with the strongest correlation peak.
Observation 2: Effective and low complexity interference type identification can be used to improve the performance of SFBC.
CQI derivation
In terms of CQI derivation, the key question is to decide the CSI-RS port to DMRS port mapping. In words, UE has to compute the spectral efficiency based on the precoder chosen for data, then the network is able to perform link adaptation based on the reported spectral efficiency and reported precoder. For closed-loop schemes, UE reports wideband/long-term precoder W1 together with the short-term precoder W2, based on which UE calculates and report CQI. However, for semi-OL schemes, since only W1 is reported, the CSI-RS port to DMRS port mapping is not fully reported to the network. It remains to be investigated what assumption should be made to derive the CQI.
For non-transparent schemes, the problem is to decide RB-level beam cycling pattern, i.e., which beam or which group of beams are used in each RB. With the assumption of selected beams, UE is able to calculate spectral efficiency based on Alamouti encoding or RE-level co-phase cycling/port cycling (those RE-level operations will be explicitly specified in the specification, thus known to both UE and the network). For transparent scheme like RB-level cycling, the problem is to decide both the beam and co-phase cycling pattern, i.e., which beam and co-phase is used in each RB given the W1 feedback. For transparent scheme like SCDD, to derive CQI, UE has to assume a beam and a gradually changed phase for each subband. 
In the study of LTE eFD-MIMO [5], three options were agreed to solve the aforementioned problems:
· Option 0:  without defined cycling pattern  (e.g. codebook subset restriction applicable to i2, and/or hybrid A+B CSI (with second eMIMO type associated with single-stage codebook), and/or Class B) 
· Option 1: fixed beam selection
· Option 2: per-N-PRB-pair cycling with defined cycling pattern
Option 0 gives the network flexibility to configure a fixed beam via codebook subset restriction on i2, or configure one or multiple cycling patterns using Class B or hybrid CSI. However, its benefit remains to be investigated. Option 2 is not preferred because 1) it imposes restriction on network operation, and 2) the performance may be limited as it is better to flexibility determine the cycling pattern and granularity according to RB allocation and channel properties. Option 1 assumes a fixed i2 and requires minimum specification effort. Although it may lead to CQI mismatch, Option 1 is finally agreed in LTE R14 [6]. This is because option 1 is the simplest solution and the CQI mismatch is mainly due to the channel aging, not the mismatch between cycling pattern in CQI derivation and cycling pattern in data transmission.
For NR, we think option 2 is also not preferred for the same reason as in LTE eFD-MIMO, while Option 0 and Option 1 can be good candidates. Since the transmission scheme is yet to be decided, it is hard to make the down-selection between option 0 and 1 at this stage.  For transparent schemes, if CQI derivation is based on option 1, i.e., a fixed i2, the CQI derivation would be lack of robustness because no cycling operation is done in the RE-level. If Option 0 is employed, network may configure cycling patterns for RB-cycling and/or the phase offset for SCDD. 
Proposal 2: Option 0 and Option 1 can be the starting point for the study of CQI derivation assumptions. 
[bookmark: _Ref378529477]Conclusions
In summary, we discuss the pros and cons of port-cycling scheme, and provide link-level simulation results for all Semi-OL schemes.  Based on our discussion, we observe,
Observation 1: Port cycling is a non-transparent scheme. It suffers from interference rejection issue similar to SFBC and RE-level co-phase cycling. It requires larger DMRS overhead than RE-level co-phase cycling to have 4 cycling candidates (rank-1);
Observation 2: Effective and low complexity interference type identification can be used to improve the performance of SFBC,
and we propose,
Proposal 1: NR support SCDD as Semi-OL transmission scheme.
Proposal 2: Option 0 and Option 1 can be the starting point for the study of CQI derivation assumptions. 
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Appendix
Table 2. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	4GHz

	Tone Spacing
	35kHz

	FFT Length
	2048

	RB size (# of tones)
	16

	# PDSCH RBs
	1, 4

	Subfame duration
	0.5 usec

	Tx Antenna
	8 with x-pol

	Rx Antenna
	4 with x-pol

	Ant Correlation
	Medium

	Channel
	TDL-C

	Delay spread
	100ns, 300ns

	Doppler
	500Hz

	Channel estimation
	Robust MMSE with bundling=1,4
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