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Introduction
In this contribution, we discuss remaining issues on CSI-RS design. The following discussion will cover additional CSI-RS symbol locations, QCL assumption within a CSI-RS resource and CSI-RS density and transmission bandwidth.
Discussion
CSI-RS Symbol locations
In the last meeting, the following is agreed for CSI-RS symbol locations [1]:
· At least {8th,9th, 10th, 11th} OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6th ,7th ,13th ,14th } OFDM symbol.
· FFS: Other OFDM symbols
The above locations are not sufficient to support fast CSI reporting, which is one of the important NR functionalities. Given CSI-RS transmission on the 6th symbol, UE does not have enough time to do CSI processing so as to report CSI in the same slot. Hence, CSI-RS in an early part of a time interval is critical to support fast CSI reporting, especially for below 6GHz.  Since there will be at least two symbols for control region and at least one symbol for front-loaded DMRS, the 4th and 5th symbols can be configured for CSI-RS transmission. To be more specific, to avoid multiplexing DMRS and CSI-RS in the same symbol from UE perspective, we propose
Proposal 1: NR should include following CSI-RS OFDM symbol location configurations:
· For Front-load DMRS in the 3rd symbol, CSIRS can be in the 4th or 5th
· For Front-load DMRS in the 4th symbol, CSIRS can be in the 5th
· In this case, when reserved resources for CORESET from UE perspective do not span to the 2nd or 3rd symbol, CSIRS can be transmitted in those symbols (i.e., before the front-load DMRS).
· Note: From UE perspective, CSIRS and DMRS are always TDMed
Sequence generation
In LTE, the sequence used for CSI-RS transmission is a gold-sequence generated using a 31-bit initialization seed, i.e., . The seed is a function of scrambling ID , symbol index  and slot index  and CP type . The equation of  writes as

Such an expression ensures a one-to-one mapping between  and the joint of , and yields good interference randomization performance for two neighbouring cells. Hence, it is natural for NR to reuse this structure. However, there are some discussions on the possible values of above four parameters. In our view,  is associated with 10 bits in LTE and we don’t see any need to expand the bit-width of  in NR. For the CP type, in NR, the extended CP is only used when subcarrier spacing equals to 60kHz. Since it is quite a corner case, it is no need to include CP type in the sequence generation. For symbol index  and slot index ,  the term  is associated with 10 bits in LTE, however in NR that term can be greater than 10 bit if 120kHz and 240kHz subcarrier spacing is used. In such a case, wrap-around to 2^10 is needed to keep the original sequence length (i.e., 31). Hence, we propose
Proposal 2: CSI-RS sequence is generated using
· 
·  with 10 bits is physical cell ID unless configured otherwise by higher layers
· For scenarios with OCC in time,  is the location of CSIRS symbol.
Moreover, there were some discussions that the length of sequence per RB should be greater than 1 to obtain good interference randomization. In our view, it is essential to have sequence length greater than 1 if the CDM spans more than 1 RE in frequency domain. This feature can be achieved by mapping the 2^31 length gold sequence to resources based on the subcarrier index. As the sequence length is long enough, there is no need to employ any modification to the sequence by introducing the frequency domain parameter.
Periodicity
It was agreed that CSI-RS periodicity can be {5, 10, 20, 40, 80, 160, 320, 640} slots. In our view, for some large subcarrier spacing case, 5 slots and 10 slots as the periodicity would be too short in time scale. For instance, with SCS = 60kHz, 120kHz, 5 slots and 10 slots mean that the periodicity can be shorter than 2ms, no need to mention for even larger SCS. Therefore, we think some restriction should be made on the CSI-RS periodicity for different SCS and we propose
Proposal 3: Restriction on the periodicity should be employed based on SCS, {5, 10} slots should be avoided for SCS = 60kHz/120kHz and above.
CSI-RS density
For CSI-RS pattern, it is remaining an open issue what is the density for 1 port case. Density d = 1 and d = 3 have agreed, while there are still some proposals suggesting that density up-to d = 6 is needed. In this section, we provide some simulation results comparing the performance of different densities from CSI acquisition perspective.
Page 1
In our simulation, we consider a precoded CSI-RS with a SVD precoder derived using sounding channel. FFT-based channel estimation is carried out. Based on the channel estimation, the UE computes an SE for a given subband of 4RBs. We also provide the MCS selection results using the computed subband SE. TDL-C channel model is used and subcarrier spacing is 30kHz.


6/6
[image: ]
Figure 1. SE cdf: DS = 100ns, 4RB
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Figure 2. MCS cdf: DS = 100ns, 4RB
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Figure 3. SE cdf: DS = 100ns, 24RB
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Figure 4. MCS cdf: DS = 100ns, 24RB
[image: ]Figure 5. SE cdf: DS = 300ns, 4RB
[image: ]Figure 6. MCS cdf: DS = 300ns, 4RB

[image: ]Figure 7. SE cdf: DS = 300ns, 24RB
[image: ]Figure 8. MCS cdf: DS = 300ns, 24RB

As shown from Figure 1-8, we can see that density d = 6 provides very tiny gain with very small RB allocation, e.g., 4RB, and such a marginal gain is only observable at very low SNR. With large CSI-RS transmission bandwidth, there is no benefit of having density = 6. Moreover, from a throughput perspective, the overhead resulted by d = 6 should be counted. For a 4RB scheduling of PDSCH and the slot has 8 symbols available for PDSCH, there are 360REs for d = 6, 372 REs for d = 3 and 380REs for d = 1. From Figure 8, at 50%, d = 6 selects MCS = 4, d = 3 selects MCS = 4, d = 1 selects MCS d = 3, with SNR = -8dB. The modulation order for MCS = 3 and MCS = 4 are QPSK, and the coding rate are 0.1520 and 0.1867, respectively. Then, we can derive the throughput with BLER = 10% as
· For d = 6, THPT = 2*0.1867*360*0.9 = 121 bits/slot
· For d = 3, THPT = 2*0.1867*372*0.9 = 125 bits/slot
· For d = 1, THPT = 2*0.1520*380*0.9 = 104 bits/slot
Apparently, density d = 6 does not yield a better performance than density = 3. Hence, based on the discussion, we propose
Proposal 4: CSI-RS density equal to 6REs/RB/port should be avoided.
CSI-RS transmission bandwidth
In the last meeting, it has been agreed that when the CSI-RS transmission bandwidth is smaller than the corresponding BWP, it should be greater than X RBs and the value of X is FFS [1]. There are some proposals in the email discussion that the transmission bandwidth can be as small as 4RBs. To justify what is the minimum bandwidth, we provide some simulation results from CSI acquisition perspective. The simulation setup is similar to the previous section.
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Figure 9. SE cdf: DS = 100ns, density = 1
[image: ]
Figure 10. MCS cdf: DS = 100ns, density = 1

As can be seen from Figure 9 and 10, CSI-RS transmission bandwidth smaller than 20RBs yields a SE/MCS loss, especially for 4RB allocation, the performance loss is not acceptable. Based on this observation, we propose
Proposal 5: CSI-RS transmission bandwidth should be greater than or equal to 20RBs.
Power offset relative to other RSs
In LTE, CSI-RS is mainly used for CSI acquisition, hence power ratio between CSI-RS and PDSCH, denoted by Pc_PDSCH, should be configured to UE so that UE can report CSI assuming a relatively same power as the PDSCH. In NR, CSI-RS has many functionalities. For CSI acquisition, we think the power ratio between CSIRS and PDSCH should be configured to UE, the value of Pc_PDSCH needs further discussion from RAN4 perspective.
In NR, CSI-RS is also used for beam management. It has been agreed that to perform beam failure detection, UE has to be aware of the power ratio between CSI-RS and the PDDCH DMRS, so that UE can evaluate the hypothetical BLER of PDCCH using the channel measurement. During the extension email discussion after the last meeting, 3 alternatives were proposed to allow UE be aware of this value.
· Alt-1: Explicitly signal to UE the Pc_PDCCH_DMRS via RRC
· Alt-2: Pc_PDCCH_DMRS is implicitly derived from Pc_PDSCH
· Alt-3: Specify UE assumptions for Pc_PDCCH_DMRS, e.g., 0dB for case A, 3dB for case B, etc
In our view, Alt-1 is the most flexible way and the value of Pc_PDCCH_DMRS is determined upto the network, UE does not need to do any additional operation to derive the power ratio assumption. Alt-2 needs to be carefully studied whether and how the Pc_PDCCH_DMRS can be derived from Pc_PDSCH. As beam failure detection is important for mmW, the reliability of such derivation should be carefully studied. Alt-3 has the same problem as Alt-2, the assumption for each case needs to be determined from RAN4 perspective.
Besides, a third power ratio was proposed. That is, the power offset between CSI-RS and SS. The objective of this ratio is to support joint CSI-RS/SS block based RSRP calculation. In our view, this parameter is necessary, but a wide range of values (e.g., negative values) should be considered. Based on the above discussion, we propose
Proposal 6: UE should be aware of the power ratio between CSI-RS and PDCCH DMRS. Details to be carefully studied.
Proposal 7: The power ratio between CSI-RS and SS block should be provided to UE, the candidate values should span a wide range including negative values.
QCL information within a CSI-RS resource
It was agreed in the #90 that non-QCLed ports in one CSI-RS resource is supported [1]. However, it is preferred that the CSI-RS ports in one CDM group should be QCLed. This is because the UE algorithm is more complicated in order to get good performance since the UE cannot assume that long term statistics are the same across CDMed ports. Moreover, the total number of QCL assumptions in one CSI-RS resource should be limited. This is because UE cannot keep too many tracking loops to perform channel measurement. Too many tracking loops would increase the processing complexity and lower the efficiency in channel estimation and CSI calculation, thus cannot match the CSI report timing configured by the network. Hence, we propose
Proposal 8: From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed, and the max number of different QCL assumptions should be limited to 2 per CSI-RS resource.
Proposal 9: Specify the maximal number of total non-QCLed groups across all CC/BWP as UE capability.
CSI-RS resource pattern for 4 port case
After the last meeting, there was a discussion on whether component pattern (Y, Z) = (2, 2) should be adopted for 4 port case. In our understanding, for 4 port case, both (2,2) and (4,1) patterns were discussed.  As there is a big concern regarding too many patterns for a given number of ports, the agreement in RAN1#90 is to remove the RE pattern for N = 2 with (Y, Z) = (2, 2), but just keep the pattern for N = 1 with (Y, Z) = (4, 1). Hence, we propose
Proposal 10: For 4 port case, the CSI-RS RE pattern for N = 2 with (Y, Z) = (2, 2) is not supported in NR.
Conclusions
To summarize, we discussed some open issues of CSI-RS for CSI acquisition.  We propose
Proposal 1: NR should include {4th , 5th} OFDM symbols in a slot structure for CSI-RS transmission.
Proposal 2: CSI-RS sequence is generated using
· 
·  with 10 bits is physical cell ID unless configured otherwise by higher layers
· For scenarios with OCC in time,  is the location of CSIRS symbol.
Proposal 3: Restriction on the periodicity should be employed based on SCS, {5, 10} slots should be avoided for SCS = 60kHz/120kHz and above.
Proposal 4: CSI-RS density equal to 6REs/RB/port should be avoided.
Proposal 5: CSI-RS transmission bandwidth should be greater than or equal to 20RBs.
Proposal 6: UE should be aware of the power ratio between CSI-RS and PDCCH DMRS. Details to be carefully studied.
Proposal 7: The power ratio between CSI-RS and SS block should be provided to UE, the candidate values should span a wide range including negative values.
Proposal 8: From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed, and the max number of different QCL assumptions should be limited to 2 per CSI-RS resource.
Proposal 9: Specify the maximal number of total non-QCLed groups across the CSI-RS resources across all CC/BWP as a UE capability.
Proposal 10: For 4 port case, the CSI-RS RE pattern for N = 2 with (Y, Z) = (2, 2) is not supported in NR.
References
1. [bookmark: _Ref462649278][bookmark: _Ref458331720]Chairman notes, 3GPP RAN1 #90bis, Prague, Czech.

image1.jpg
>
SNR =-8,-4,0,4,8dB

SE (bps/Hz)




image2.jpg
MCS Index

>

SNR =-8,-4,0,4,8dB.





image3.jpg
CDF

09

08

07

06

05

04

03

02

01

d=

>
SNR=-8,-4,0,4,8dB

SE (bps/Hz)




image4.jpg
CDF

09

08

07

06

05

04

03

02

01

d=1,3,6

>
SNR =-8,-4,0,4,8dB|

10 15 20 2




image5.jpg
CDF

09

08

07

06

05

04

03

02

01

>
SNR=-8,-4,0,4,8dB

SE (bps/Hz)




image6.jpg
CDF

09

08

07

06

05

04

03

02

01

MCS Index

SNR =-8, 4,0, 4,8dB|





image7.jpg
CDF

09

08

07

06

05

04

03

02

01

d=

>
SNR=-8,4,0,4,8dB

SE (bps/Hz)





image8.jpg
CDF

09

08

07

06

05

04

03

02

01

d=1,3,6

MCS Index

>
=-8,4,0,4,8dB





image9.jpg




image10.jpg
MCS Index

BW=4, 12, 20, 28RB





