	
3GPP TSG RAN WG1 NR Ad-Hoc#2			R1-1710675
Qingdao, China, 27th – 30th June 2017

[bookmark: Source][bookmark: _GoBack]Agenda item:	5.1.2.3.5
Source: 	Samsung
Title: 	Discussion on CSI-RS Resource Activation
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#88 and 88bis, the following agreements on CSI framework were made [1][2]: 
	Agreements:
· Study further activation mechanism (selecting N out of K NZP/ZP CSI-RS resources or resource sets, including joint trigger vs. separate triggers for resources, IMR, and/or reporting setting, reliability/latency associated with the activation, etc.) and the associated details (e.g., impact on DCI signaling, etc.) for aperiodic (AP) and semi-persistent (SP) CSI-RS
· Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI



In this contribution, we present Samsung’s view on the following issues:
1. CSI-RS resource activation for semi-persistent CSI-RS (SP-CSI-RS)
2. CSI-RS resource activation for aperiodic CSI-RS (AP-CSI-RS)

Resource activation mechanism: interpretation 
In LTE, the same MAC CE based CSI-RS resource activation scheme is used for “multi-shot” CSI-RS (MS-CSI-RS) and AP-CSI-RS. In terms of functionality, MS-CSI-RS is equivalent to SP-CSI-RS. Some reasons for choosing the same mechanism for MS-CSI-RS and AP-CSI-RS include the following:
· This procedure chooses N out of K configured NZP CSI-RS resources, i.e. subset selection. Although this subset selection bears different interpretations, it is functionally the same and requires the same delay requirements. 
· For a UE configured with MS-CSI-RS, selecting N out of K CSI-RS resources implies that the UE needs to measure the “activated” N P-CSI-RS resources. For a UE configured with AP-CSI-RS, selecting N out of K CSI-RS resources implies that the UE can be requested to measure 1 out of N AP-CSI-RS resources to calculate and report AP-CSI. Both interpretations involve down-selecting K resources to N. 
· This subset selection can be performed with higher latency than a normal DCI but lower latency than RRC. In addition, it is expected that this subset selection can be more protected than DCI. 
· Using the same scheme for both MS-CSI-RS and AP-CSI-RS is simpler in terms of specification support. 
The above factors suggest that MAC CE is a better alternative than DCI and can be used for both. 
While the above argument is sound, semi-persistent CSI-RS (SP-CSI-RS) and aperiodic CSI-RS (AP-CSI-RS) require different UE behaviors. Therefore, resource activation for SP-CSI-RS can utilize different signaling mechanisms, if necessary, from resource subset selection for AP-CSI-RS. At the same time, at least for SP-CSI-RS, MAC CE based signaling is a simpler alternative for CSI-RS resource activation.
For AP-CSI-RS, the activation mechanism (based on dynamic signaling) referred above serves as an intermediate step 2 between higher-layer configuration and DCI-based AP-CSI triggering (where one aperiodic CSI-RS resource is selected as a reference resource for AP-CSI calculation). This mechanism is employed for LTE where the maximum value of K and N are 8 and 4, respectively. For NR, it is expected that the maximum value of K greatly increases beyond 8 (e.g. for dynamic CSI-RS resource aggregation to support coherent JT with multiple TRPs). Furthermore, if the same CSI-RS is used for CSI acquisition and beam management, K may correspond to the number of fine beams (which could be in the order of 100-200). Lastly, for NR, frequent RRC reconfiguration is to be minimized, if not avoided, due to its associated cost and latency. Thus, such an intermediate step (where a subset of K CSI-RS resources is selected) is instrumental especially in ensuring reasonable DCI overhead for AP-CSI triggering (where 1 out of N CSI-RS resources, instead of 1 out of K, is selected as the reference resource for AP-CSI calculation). The cost and coverage requirements of DL control signaling prohibit excessive DCI sizes. This is illustrated in Figure 1.  
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In addition to CSI-RS resource selection, this activation mechanism is also applicable if S>1 CSI-RS resource sets are configured for the UE in a Resource setting. If S is large, an intermediate step 2 where M out of S sets are selected can reduce the DCI payload (which selects 1 CSI-RS resource set). 
To determine the maximum value of S as well as Ks, the need or use cases for S>1 in Resource Setting still needs to be clarified. If S>1 is to be used for resource pooling, to avoid RRC reconfiguration while allowing dynamic resource reuse, the maximum value of S (if S>1 is used) should be large. In addition, S>1 can be redundant to K>1 in functionality.

Observation:
· Resource activation for SP-CSI-RS can utilize different signaling mechanisms, if necessary, from resource subset selection for AP-CSI-RS
· Different procedures (measurement vs. down-selection) yet the same functionality (subset selection – N out of K)
· The use case of S>1 is still unclear:
· For resource pooling, small value of S limits resource reuse capability since RRC reconfiguration is to be avoided.
Proposal:
· To determine the maximum value of S (and Ks), the use case of S>1 needs to be clarified:
· Ensure that the function of S>1 is not redundant to K>1
· For SP-CSI-RS, support MAC CE based CSI-RS resource activation 

Resource activation mechanism for AP-CSI-RS 
A MAC CE based activation/deactivation mechanism is used in Rel.14 eFD-MIMO for its simplicity. For NR, some have argued that DCI-based activation mechanism should also be considered. The following two alternatives can be identified for activating N out K RRC-configured NZP CSI-RS resources.
· Alt1. Activate/release N out of K resources using UL grants 
· Alt1-A. Activate/release N resources with one UL grant
· Alt1-B. Activate/release one resource at a time, each using one UL grant 
· Alt2. Activate/release N out of K resources using MAC CE.
For Alt1, a DCI format which differs from the UL-related DCI format is used for triggering AP-CSI. A different format is needed since the DCI format used for triggering AP-CSI (and includes some code points for selecting 1 out of N CSI-RS resources) must be different from the format used for activating/releasing N (out of K) CSI-RS resource(s). This DCI format can be masked either with a new UE-specific RNTI designed for this activation/release mechanism or with the existing UE-RNTI. It is also possible to use UE-group-specific RNTI if multiple UEs can share the resource selection.  
The additional signalling overhead for each use of this DCI format is as follows:
· Alt1-A, a DCI field in an UL-related DCI which selects N out of K CSI-RS resources is required. The required number of code points for this DCI field is  code points (hence  bits, unless some code points from the existing DCI field(s) are reused). For this alternative, another usage of such an UL grant for releasing N previous activated CSI-RS resources is not needed. This is because the previously activated N resources are implicitly released when the UE receives another UL grant containing a DCI field which activates (another subset of) N resources. 
· Pros: Single use of an UL grant for the purpose of activation, no need for an additional UL grant usage for release
· Cons: The DCI field used for resource selection tends to require more code points (hence more DCI overhead).
· Alt1-B, a DCI field in an UL-related DCI which selects 1 out of K CSI-RS resources is required. The required number of code points for this DCI field is  code points (hence  bits, unless some code points from the existing DCI field(s) are reused). However, to activate or release a total of N CSI-RS resources, this DCI format needs to be used N times. The value of N at a given subframe is therefore a variable since only one CSI-RS resource is activated or released in a given subframe. Therefore, the UE needs to keep track of how many CSI-RS resources are active in a given subframe. Consequently, another usage of such an UL grant for releasing a preciously activated CSI-RS resource is needed.  
· Pros: The DCI field used for resource selection tends to require fewer code points (hence less DCI overhead). 
· Cons: Multiple (N) uses of an UL grant for the purpose of activating N resources, need for an additional UL grant usage for release. 
These two sub-alternatives are illustrated in Figure 2 with N=2 used as an example. As evident, to switch from size-2 subset 1 to size-2 subset 2 requires only 2 UL grant usages for Alt1-A as opposed to 6 UL grant usages for Alt1-B. While Alt1-B tends to be more flexible, the additional complexity and UL grant (hence DL control channel) usages may outweigh its benefit. 
To reduce the (over-)usage of DL control channel, instead of UE-specific DCI, UE-group DCI can be used in Alt1-A or Alt1-B. With this scheme, a group of UEs (associated with a common UE-group DCI) shares/pools a same size-N subset selection. 
Alt2 works quite similarly to Alt1-A. That is, a size-N subset (out of K RRC-configured CSI-RS resources) is activated when a MAC CE signalling containing a ‘subset activation’ message is received by the UE. This size-N subset remains activated until another ‘subset activation’ message (indicating a possibly different size-N subset) is received. Therefore, no additional MAC CE signalling is needed to release the previously activated N resources. The main difference lies in the trade-off between decoding latency and error protection. That is, Alt2 incurs higher latency since it involves MAC layer. However, the message is also better protection from error. In addition, Alt2 can simply reuse the existing MAC CE mechanism without introducing any new DCI format for activation/release. 

Observation: 
· The activation/release latency for Alt1 (UL-grant-based) is lower than for Alt2 (MAC CE based) at the expense of less error protection.
· The overall complexity associated with Alt1 is higher compared to Alt2. 
· Alt1 seems to require designing new DCI formats and potentially new RNTI(s) 
· DL control channel resource usage associated with Alt1, although high, can be reduced when UE-group DCI is used instead of UE-specific DCI 
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As discussed in previous section, an intermediate signaling between RRC configuration and AP-CSI-RS/AP-CSI triggering is beneficial since the maximum number of CSI-RS resources K (or resource sets) configured via RRC signaling is expected to be large for different use cases. At the same time, when the value of K is small, this intermediate signaling can be skipped. Therefore, when K exceeds a certain number, the intermediate signaling selects N out of K CS-RS resources where N is sufficiently small for DCI-based CSI-RS resource selection (where the same DCI is used for AP-CSI triggering).
Another reason to support this intermediate signaling is when a UE is configured with multiple component carriers. The RRC-based scheme used in LTE is inefficient since RRC reconfiguration is to be minimized in NR (if not, reduced to zero unless the UE is engaged in L3 mobility). In fact, the resource reuse flexibility pertaining to the MAC CE based CSI-RS resource activation, when combined with the RRC-based scheme (for mapping the hypotheses for the code-points of the CSI request DCI field), is limited by the latency of RRC signaling. 
Therefore, either MAC CE or DCI-based signaling should be used to configure the mapping between the available CSI request DCI code-points (hypotheses) and N selected CSI-RS resource(s) for each component carrier. If DCI-based signaling is used, UE-group DCI should be used to avoid excessive usage of DL control signaling. The value of N can be made dependent on the number of component carriers to keep the DCI payload low.

Proposal: 
· For AP-CSI-RS, introduce an intermediate signaling between RRC configuration and DCI-based joint triggering of AP-CSI-RS and AP-CSI:
· Signaling includes mapping between DCI code-points and N selected CSI-RS resource(s) for each of the configured component carriers (where N can be dependent on the number of component carriers)
· Intermediate signaling can be skipped when the number of CSI-RS resources (or resource sets) configured via RRC is less than X
· Either MAC CE or UE-group DCI can be used 
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In this contribution, MAC CE based and DCI based activation mechanisms are compared. First, the following observation is made:
· Resource activation for SP-CSI-RS can utilize different signaling mechanisms, if necessary, from resource subset selection for AP-CSI-RS
· Different procedures (measurement vs. down-selection) yet the same functionality (subset selection – N out of K)
· The use case of S>1 is still unclear:
· For resource pooling, small value of S limits resource reuse capability since RRC reconfiguration is to be avoided.
· The activation/release latency for Alt1 (UL-grant-based) is lower than for Alt2 (MAC CE based) at the expense of less error protection.
· The overall complexity associated with Alt1 is higher compared to Alt2. 
· Alt1 seems to require designing new DCI formats and potentially new RNTI(s) 
· PDCCH resource usage associated with Alt1, although high, can be reduced when UE-group DCI is used instead of UE-specific DCI 
Our proposal can be summarized as follows: 
· To determine the maximum value of S (and Ks), the use case of S>1 needs to be clarified:
· Ensure that the function of S>1 is not redundant to K>1
· For SP-CSI-RS, support MAC CE based CSI-RS resource activation 
· For AP-CSI-RS, introduce an intermediate signaling between RRC configuration and DCI-based joint triggering of AP-CSI-RS and AP-CSI:
· Signaling includes mapping between DCI code-points and N selected CSI-RS resource(s) for each of the configured component carriers (where N can be dependent on the number of component carriers)
· Intermediate signaling can be skipped when the number of CSI-RS resources (or resource sets) configured via RRC is less than X
· Either MAC CE or UE-group DCI can be used 
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