Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #92bis	R1-1804982
Sanya, China, 16th – 20th April, 2018

Source:	Ericsson
Title:	Remaining issues on CSI-RS
Agenda Item:	7.1.2.3.8
Document for:	Discussion and Decision
[bookmark: _Ref510713888][bookmark: _Toc510772722][bookmark: _Toc510772812]Introduction
In RAN1 AdHoc 1801, and RAN1 #92 the following working assumption and agreement was made:
Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
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under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.

Agreement (RAN1#92):
For the CSI-RS sequence mapping, the working assumption from RAN1 NR Ad Hoc 1801 for density 1 and 3 is confirmed

In this contribution, we revisit the working assumption, focusing on density ½, and address CSI-RS resource sharing across densities. We also address additional periodicities for CSI-RS and CSI-IM.
[bookmark: _Ref178064866][bookmark: _Toc510772723][bookmark: _Toc510772813]Discussion
[bookmark: _Toc510772724][bookmark: _Toc510772814]On the working assumption on sequence mapping
To enable sharing of physical resources among users with (partially) overlapping CSI-RS bandwidths, a resource specific design is highly desirable in order to avoid wastage of physical resources. According to the WA cited above, the resource-specific aspect holds for resources configured with the same density. However, the sequence mapping is NOT resource specific across different densities. Since the working assumption has been confirmed for densities  and , the opportunity to achieve resource sharing across these densities is lost. However, there is still an opportunity to fix the design to allow resource sharing across densities  and  by altering the working assumption only for density . It can be argued that resources with this mix of densities is more likely anyway.
[bookmark: _GoBack]For example, consider a scenario where UE1 has smaller bandwidth part bandwidth compared to UE2. It is often reasonable to have the CSI-RS cover the entire bandwidth part. To have enough energy on CSI-RS for UE1, it may be necessary to configure UE1 with density . For UE2 it may be sufficient to have   (as the bandwidth is larger). This scenario is illustrated in Figure 1 below:
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[bookmark: _Ref505674193]Figure 1	Example of CSI-RS (RB) allocations of two users with different CSI-RS bandwidth and density.
For the transmitter side, the same example may be schematically illustrated as in Figure 2 below:
[image: ]
[bookmark: _Ref505674481]Figure 2	Example on how CSI-RS resources are mapped to the resource grid from the network perspective.
For discussion purposes, assume that the CSI-RS resources configured for UE1 and UE2 have same number of ports X. The number of resource elements reserved for CSI-RS is thus X, both in the RBs with CSI-RS allocated only for UE1 (yellow in Figure 2) and in the RBs with CSI-RS allocated only for UE2 (green in Figure 2). However, the number of resource elements reserved for CSI-RS in the RBs with CSI-RS allocated for both UE1 and UE2 (red in Figure 2) is 2X. This is because orthogonal resources need to be configured for UE1 and UE2 since the sequence values for the two UEs in the red RBs are different according to the formulas in the working assumption.
If the sequence mapping would instead be defined as resource specific across densities  and , the physical resources used for CSI-RS could be shared in the red RBs. This would mean that the number of resource elements reserved for CSI-RS would be X in all RBs, regardless of whether one UE or two is configured with CSI-RS in those RBs. Clearly, a non-resource specific design leads to time/frequency resource wastage that should be avoided. The motivation becomes even stronger as the number of ports X becomes larger. We note that the design for LTE avoids this problem, and it should be a goal for NR to do the same. To that end we observe 
[bookmark: _Toc506560739][bookmark: _Toc509931085][bookmark: _Toc510772725]The current working assumption on sequence mapping does not support sharing of physical resources for CSI-RS configurations with different densities  and , leading to wastage of time/frequency resources.
To allow resource sharing across densities  and  and thus avoid the resource wastage problem, we propose the following according to the WF discussed among many companies in the previous meeting [1]:
[bookmark: _Toc509931089][bookmark: _Toc509931200][bookmark: _Toc509931255][bookmark: _Toc510772815][bookmark: _Toc506560689]Confirm the working assumption on CSI-RS sequence mapping with a change only for density  according to the text proposal below (no change for densities   or ) 
>>>>>>>>>>>>TEXT PROPOSAL (38.211) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<


[bookmark: _Toc509931202]
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>
With this change, resource sharing is enabled for any number of ports (but not across resources with X=1 port and X>1 ports) independent of density, except for the case . As stated above, this proposal leaves the agreement on  and  intact. Since most implementations would presumably dimension sequence lengths for these cases anyway, the above proposal to not require the UE to generate sequences any longer than the original working assumption. In [3] we show that the correlation properties of the CSI-RS sequences are the same for the proposed update for the density 0.5 case as for the WA, as it stands.
According to the above proposal (in the case of <3) the sequence used on a given subcarrier may be derived (assuming ScramblingID is known) from the absolute subcarrier index; it is independent of the number of ports in the CSI-RS resource. From a forward compatibility perspective, this can prove to be beneficial for advanced interference cancelling schemes.
To illustrate the proposal, revisit the example above, and assume X = 8 ports. According to the working assumption, sequences are mapped as shown in Figure 3. In this case, the transmitted CSI-RS resources cannot be shared (even if higher-layer parameter ScramblingID is identical) as UE1 and UE2 will expect different sequences. Orthogonal resources need to be assigned to the two UEs - this undesirable from a resource wastage point of view.
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[bookmark: _Ref505687200]Figure 3	Example of sequence mapping in RB n=5 according to the current working assumption.
In contrast, according to the proposed change for density , the sequence mapping for UE2 becomes that shown in Figure 4. Evidently the index  for both UE2 and UE1 are now both the same, meaning the sequence values in the overlapping RBs become the same. This is what allows time/frequency resource sharing, thus avoiding the resource wastage problem.
[image: ]
[bookmark: _Ref505687772]Figure 4	Example of sequence mapping in RB n=5 for UE2 according to the proposal.
[bookmark: _Toc510772726][bookmark: _Toc510772816]On additional periodicities for CSI-IM
In [4] we showed that while 1ms CSI-IM periodicity increases interference estimation quality, the additional overhead results in a net loss in performance. Also noting that specifying any additional periodicity would require RRC changes, we propose
[bookmark: _Toc510772817]1ms CSI-IM periodicity is not supported.
[bookmark: _Toc510772727][bookmark: _Toc510772818]On additional periodicities for CSI-RS
In [2] we show that only DL/UL assignment periodicities in the set {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, and 320} slots are compatible with SSB transmission. Every one of these periodicity values greater than or equal to 4 is already supported for CSI-RS, hence we propose
[bookmark: _Toc506558804][bookmark: _Toc506558839][bookmark: _Toc506560691][bookmark: _Toc509931091][bookmark: _Toc509931203][bookmark: _Toc509931256][bookmark: _Toc510772819]For periodic/semi-persistent CSI-RS, no further periodicities and slot offsets need to be defined for Rel-15.
[bookmark: _Toc510772728][bookmark: _Toc510772820]Conclusions
In this contribution, we made the following observations:

Observation 1	The current working assumption on sequence mapping does not support sharing of physical resources for CSI-RS configurations with different densities  and , leading to wastage of time/frequency resources. 

We make the following proposals and text proposal:

Proposal 1	Confirm the working assumption on CSI-RS sequence mapping with a change only for density  according to the text proposal below (no change for densities   or )
Proposal 2	1ms CSI-IM periodicity is not supported.

Proposal 3	For periodic/semi-persistent CSI-RS, no further periodicities and slot offsets need to be defined for Rel-15.

>>>>>>>>>>>>TEXT PROPOSAL (38.211) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<



>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>
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