Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 #87	R1-1612352
Reno, Nevada, 14 – 18 November, 2016

Source:	Ericsson
Title:	Further discussion on CSI-RS pooling
Agenda Item:	7.1.3.3
Document for:	Discussion and Decision
Introduction
In RAN1#86bis, the following agreement was made:
Agreements:
· A CSI-RS resource set should be studied whereby CSI-RS resources within the set may be dynamically shared amongst users 
· Study CSI-RS resources configuration in 2 steps 
· Step 1: Pre-configure a set of K CSI-RS resources for one or more users through UE-specific RRC configuration
· Step 2: For a given user, dynamically indicate N out of K (where N >= 1) of the CSI-RS resources from the set to enable CSI measurement in a given time window
· Study the following alternatives
· Alt 1: Dynamic signaling through DCI
· Alt 2: Dynamic signaling through MAC CE
· The CSI-RS transmissions can be dynamically indicated as one shot or multi-shot within the window
· The configured CSI-RS resource pool can be used for channel/interference measurement
· Configure multi sets of CSI-RS resources for one UE

In this contribution, we discuss the resource set configuration and dynamic indication of resources from the set.
[bookmark: _Ref178064866]Discussion
In NR, CSI-RS will be used for multiple purposes such as at least
· Type I CSI feedback (as in LTE)
· e.g., Class A (non-precoded CSI-RS), Class B (beamformed CSI-RS) with or without CRI
· Large # of ports, e.g., for lower frequencies with digital beamforming
· Small # of ports, e.g., for higher frequencies with analog/hybrid beamforming
· Type II CSI feedback
· High spatial resolution feedback
· Beam management
· e.g., Coarse beam sweep operation, beam refinement, UE beam selection

Furthermore, different types of CSI reporting, e.g., aperiodic, semi-persistent, will be used at different times and for different users. With such a diverse set of use cases, considerable flexibility is required in allocating CSI-RS resources to users. Furthermore, to manage CSI-RS overhead, it is important to be able to flexibly and dynamically share the resources amongst users. For example, if a UE is triggered to measure on a specific beamformed CSI-RS resource, it is highly desirable to be able to quickly re-allocate this resource to another user once the measurement is complete. Clearly, some amount of dynamic signalling is required, in contrast to pure semi-static (RRC) allocation of resources to users as exists in LTE today.
To achieve these goals, the notion of a CSI-RS resource pool (or CSI-RS resource set as agreed above) was introduced in [1] whereby CSI-RS resources can be dynamically shared amongst users. The basic idea is that in a first step, users are semi-statically (RRC) pre-configured with a set of CSI-RS resources which can be used for measurements, either for traditional CSI feedback or beam management purposes. Subsequently, users are dynamically allocated a subset of resources from the pool through DCI or MAC CE signalling. The resources can be allocated either in an aperiodic (single-shot) fashion or allocated in a semi-persistent manner. In the latter, the resources would be dynamically de-allocated at a later time.
To allow flexible CSI-RS resource pooling, it is proposed to “modularize” the CSI-RS configurations. There are multiple reasons for this:
· For the case of beamformed CSI-RS, two UEs measure and report on a set of beams each, and some of these beams are common to both UEs, i.e., the two sets are partially overlapping. The modular approach of building up a CSI-RS configuration allows for sharing some CSI-RS ports but not others to reflect the sharing of beams. 
· For the case of non-precoded CSI-RS, the modular approach allows for building a CSI-RS resource with a flexible number of ports, since it has been observed in LTE Rel-12 and onwards that also ports sets which are not a power of two are needed
· For beam management, it could also be useful to have flexibility in the aggregation of the resources since the beam sweep length could depend on the number of available OFDM symbols for beam measurements in a given slot or subframe (which may vary). A variable number of OFDM symbols could occur also in the case of partial beam sweeps where a different number of beams is swept for different users for the purposes of beam refinement.
A given N-port configuration is aggregated from a number of smaller CSI-RS units. We refer to those units as “CSI-RS elements,” to draw an analogy with control channel elements (CCEs) in LTE. A basic 2-port CSI-RS element is illustrated in Figure 1 in which the two ports are multiplexed in frequency. Figure 2 shows a pool containing several of these CSI-RS elements. 
Three examples are shown on aggregating different CSI-RS configurations from the elements. The green and red configurations show a 4 port and an 8-port configuration built by aggregating elements in the same OFDM symbol, whereas the blue configuration aggregates elements across different OFDM symbols. The latter could be used, for example, to enable a beam sweep operation for beam management purposes in an analog beamforming system. In this case, the CSI-RS element is beamformed in a different direction in each OFDM symbol of the slot (7 symbols total).
 [image: ]
[bookmark: _Ref462846524]Figure 1: Basic CSI-RS element comprising of 2 ports multiplexed in frequency
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[bookmark: _Ref462846646]Figure 2: CSI-RS resource pool consisting of multiple CSI-RS elements. The formation of 3 different N-port CSI-RS configurations is illustrated (N = 4, 8, 14). CSI-RS elements can be shared amongst different configurations (e.g., the red and green configurations).
To support dynamic allocation of CSI-RS resources from the pool to the various users, it is important to limit the overhead (# of bits) in DCI used to signal the allocation. We suggest studying approaches for limiting the DCI overhead to a small number of bits while still offering high flexibility in the resource allocation. MAC-CE methods could also be studied which could have the benefit of improved reliability due to HARQ and potentially less stringent demands on overhead, but the cost is additional non-deterministic delay creating timing ambiguities.
[bookmark: _Toc466041453][bookmark: _Toc466041625][bookmark: _Toc466043615][bookmark: _Toc466045773][bookmark: _Toc466045808][bookmark: _Toc466046099]Study methods to reduce DCI overhead to indicate an aggegated CSI-RS resource
One possible approach is to form a group of 8 or fewer 2-port CSI-RS elements as shown in Figure 3. A straightforward solution for indicating which CSI-RS element positions are used within the group is to form a length-8 bitmap with a 1 indicating that a position is occupied with a CSI-RS element, and a 0 indicating that it is empty. However, this baseline approach could create too large a DCI overhead.
If one forgoes a certain amount of flexibility, the overhead can be reduced. One potential approach would be to allow CSI-RS aggregations to be built only from contiguously located CSI-RS elements. In addition, a tree-based structure could be imposed on the allocations thus reducing the overhead from 8 bits to 4 bits as shown in Figure 4. With such an approach, it is possible to simultaneously support 8 two-port CSI-RS elements, 4 four-port CSI-RS aggregations, 2 eight-port aggregations, or a single 16-port aggregation.
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(a)	(b)
[bookmark: _Ref465691991]Figure 3: Group of 8 or fewer two-port CSI-RS element locations. Pattern (a) is useful for conventional (LTE-like) CSI estimation where ports are multiplexed in both time and frequency. Pattern (b) is useful for the case of analog beam sweeps where a different beam is measured in each OFDM symbol.
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[bookmark: _Ref465694100]Figure 4: 4-bit indicators for 2,4,8, and 16-port CSI-RS aggregations built from group of 8 CSI-RS elements
To support larger aggregations, one approach could be to increase the group size, e.g., to 16 which would allow 2, 4, 8, 16, and 32 port aggregations. For this example, the overhead would increase from 4 bits to 5 bits. In this case, the group would span 2 PRBs, but like in Figure 3(a), there would still be leftover REs in every 2nd PRB not “filled up” with CSI-RS elements. These could be used for multiplexing PDSCH data symbols; however, for uniformity sake, it would be desirable to completely fill-up 2 PRBs. Then one can achieve CSI-RS overhead reduction in a very simple way by decimating the regular CSI-RS pattern by a factor of N, meaning that two PRBs out of every N are occupied by CSI-RS as shown in Figure 5. 
 
[image: ][image: ]
[bookmark: _Ref466044665]Figure 5: Example showing two PRBs (even and odd) completely filled with CSI-RS (left). Overhead reduction may be achieved by decimation of this pattern by a factor of N (right).
One approach for creating a regular pattern could be to allow 3 groups of 8 which fits exactly within 2 PRBs as shown in Figure 6. The same tree structure as described earlier could be used within each group, and additional bits could be used to signal the group number. Alternatively, one could allow a non-power of 2 group size, e.g., 48. In this case the tree structure could would need to be pruned to disallow some CSI-RS element aggregations. Either approach would require an overhead of 6 bits – a considerable reduction compared to the baseline bitmap approach requiring 24 bits.
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[bookmark: _Ref465696931]Figure 6: Multiple CSI-RS element groups used for increasing CSI-RS capacity and defining large, e.g. 32 or 48 port CSI-RS aggregations.
From on the above discussion, it is evident that there are several ways to create a regular CSI-RS pattern through grouping of CSI-RS elements. Imposing a structure on the group (e.g., a tree-based structure) reduces the flexibility of which resources can be supported simultaneously; however, the reduction is not severe. The benefit is that the overhead needed to indicate the aggregated CSI-RS resource in DCI is keep relatively low. Based on this discussion we propose that the study on DCI overhead reduction include structured groupings of CSI-RS elements.
[bookmark: _Toc466045774][bookmark: _Toc466045809][bookmark: _Toc466046100]DCI overhead reduction studies should include structured groupings of CSI-RS elements used to form flexible CSI-RS resource aggregations.
Conclusions
[bookmark: _GoBack]In this contribution, we discussed construction of a CSI-RS resource pool for flexible construction of aggregated CSI-RS resources that can be dynamically indicated with relatively low overhead. Based on the discussion we propose the following.
Proposal 1	Study methods to reduce DCI overhead to indicate an aggegated CSI-RS resource
Proposal 2	DCI overhead reduction studies should include structured groupings of CSI-RS elements used to form flexible CSI-RS resource aggregations.
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