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Introduction
In high frequency deployments, paging, like other signals have to be beamformed. Since, by the nature of the paging procedure, the location of the intended recipient is unknown, paging has to be transmitted in the form of beam sweeping in high frequencies. This creates a lot of control signalling overhead, especially since the paging signals typically have to be transmitted in multiple cells.
To combat this issue, a group paging concept has been proposed where the paging identifier is a shortened identifier associated with multiple UEs or a group of UEs. Since the paging identifier is non-UE unique, a UE receiving a paging indication containing its group paging identifier needs to contact the network to find out whether it is actually being paged or not. This concept is also known as response-driven paging, see [3] for further details.
This contribution discusses a proposal for how to minimize the signalling overhead associated with response-driven paging.
[bookmark: _Ref178064866]Discussion
As mentioned above, beam sweeping of paging can be a source of significant control signalling overhead, especially in deployments with a large number of DL beams, e.g. 64 beams.
R2-168124 [1], R2-1702779 [2], R2-1802335 [3] and R1-1708724 [4] address this concern by introducing the concept of response-driven paging (also referred to as group paging), whereby the initial DL message over the radio interface in the paging procedure is shortened by limiting the contents to short identifier(s), instead of UE unique paging identifier(s). To this end, the response-driven paging concept introduces shorter paging identifiers, where multiple UEs can be assigned one and the same short paging identifier. Such a shortened identifier can be seen as a UE group identifier, which is referred to as a Paging Indicator (PI). The response-driven paging concept reduces the DL overhead by reducing the amount of data transmitted in the paging beam sweep (which can be a substantial gain when a large number of beams is used) at the expense of some increase of the UL signalling and DL signalling following possible response(s) from UE(s) receiving matching PI(s).
Each UE is explicitly or implicitly allocated a PI to look for in a paging indication[footnoteRef:2]. Hence, when a UE receives a paging indication with a matching PI, it does not know whether it is itself or some other UE(s) with the same allocated PI that is the actual target of the page. To resolve this ambiguity, the UE contacts the network, which triggers the network to provide the additional paging information (e.g. the full UE paging identifier(s)) to the UE transmitted in a DL beam.[footnoteRef:3] [2:  The first DL signal in the response-driven paging procedure is herein referred to as “paging indication” rather than “paging message” to distinguish it from a full-fledged paging message, which contains all the information a paged UE needs.]  [3:  Hence the term ”response-driven paging”.] 

This ambiguity resolution has different forms in the contributions that have proposed response-driven paging. In R2-168124 [1] and R2-1702779 [2] the UE goes through a random access procedure to indicate its identity to the network, so that the network can respond to the UE whether it is targeted by the page or not. R2-1802335 [3] proposes a more streamlined ambiguity resolution, which creates less total overhead (in particular the resulting increase of the UL overhead is smaller in this proposal), whereby the UE only transmits a (special for this purpose) random access preamble which triggers the network to respond with a full paging message (i.e. including the list of full UE paging identifier(s) of the UE(s) being paged).
Common for both ambiguity resolution procedures is that the network is informed of the direction(s) in which the responding UE(s) can be reached, i.e., a responding UE implicitly “reports” its preferred DL beam direction. The essence of this implicit DL beam reporting is that the network can derive the DL beam direction from the PRACH resource (and possibly preamble) used when the UE contacts the network (or from the angle of arrival if the gNB supports directional reciprocity).
[bookmark: _Toc498440059][bookmark: _Toc498514887][bookmark: _Toc503277611]When responding to a paging indication, a UE implicitly “reports” its preferred DL beam direction, i.e. the network is informed of the direction in which to transmit the additional paging information to the UE.
Since the PI is non-UE unique and thus ambiguous, multiple UEs, many of which not being the target of the paging, may respond to a paging indication. The number of responding UEs will depend on the number of listening UEs and the fraction of UEs assigned to each PI, e.g. the size of the PI in relation to a full UE paging identifier. In some scenarios, the number of responding UEs may be large enough to be seen as an issue which causes the network to have to transmit the additional paging information in so many beam directions that this overhead becomes significant, reducing the gain of the response-driven paging concept as such. While the fraction of UEs assigned to each PI can be adapted depending on the signalling load in the cell (e.g. if the PI is based on a truncated UE ID the size of the PI can be adapted), the number of UEs and their locations (positions) within the cell cannot be influenced.
[bookmark: _Toc498514888][bookmark: _Toc503277612][bookmark: _Toc498440060]The number of DL beam directions the network has to transmit additional paging information in depend on the number of responding UEs, which in turn depend on the number of listening UEs, the fraction of them that have a matching PI and their locations in the cell. The fraction of the listening UEs that have a matching PI can be impacted by changing the fraction of UEs assigned to each PI (e.g. by varying the size of the PI in relation to a full UE paging identifier in case the PI is based on a truncated UE ID), but the number of UEs and their locations in the cell cannot be influenced.
[bookmark: _Toc498514889][bookmark: _Toc503277613]In some scenarios, the number of DL beam directions the network has to transmit additional paging information in may be undesirably large, thereby reducing the gain of the response-driven paging.
R2-1710985 [5] addresses this potential issue by proposing to study how to “minimize the number of the distinct responded [SS Block] beams” (i.e. the “reported” preferred DL beams) and then the contribution also proposes a scheme which tends to gather the reported preferred DL beam directions in a few selected “prioritized” directions. The essence of the proposed scheme is that a UE does not only identify its preferred DL beam, but all DL beams that are acceptable according to a given threshold, i.e. which are good enough for transmission of additional paging information. If any of the acceptable beams is a prioritized beam, the prioritized beam is reported, irrespective of whether it is the best beam or not. This creates a bias towards reporting prioritized beams and hence the responding UEs should with this proposal report fewer beams in total, thereby reducing the number of DL beam directions the network has to transmit the additional paging information in. Because of this property, this optimizing concept may be referred to as “response beam aggregation”.
[bookmark: _Toc498440062][bookmark: _Toc498514890][bookmark: _Toc503277614]Mechanisms can be considered to reduce the number of DL beam directions to transmit additional paging information in, e.g. by finding beam directions that can reach more than one of the responding UEs with a single beam. Such a concept may be referred to as “response beam aggregation”.
Although we recognize the merits of response beam aggregation as such, we see that the scheme proposed in R2-1710985 [5] comes with some disadvantages too and that the possibility to utilize overlaps in different UEs’ sets of acceptable DL beams for response beam aggregation has greater potential. For instance, two responding UEs with overlapping sets of acceptable DL beams could be “pulled” to different prioritized beams for their respective response, with the result that the overlap is invisible for the gNB and no response beam aggregation is achieved. A similar effect may result if a UE’s set of acceptable beams does not include any prioritized beam, in which case the UE instead has to report the best beam in the set, potentially hiding a possible overlap with another responding UE’s set of acceptable beams.
[bookmark: _Toc498440063][bookmark: _Toc498514891][bookmark: _Ref498515080][bookmark: _Toc503277615]With the response beam aggregation method proposed in R2-1710985 the network may fail to utilize overlaps in different responding UEs’ respective sets of acceptable DL beams.
To avoid failure to leverage overlaps in different UEs’ sets of acceptable beams, because the overlaps are hidden to the network, a different approach could be that each responding UE reports its actual set of acceptable beams, so that the network can identify the overlaps and select the response beam aggregation alternative that minimizes the number of response beams. 
[bookmark: _Toc498440064][bookmark: _Toc498514892][bookmark: _Toc503277616]If each responding UE reports its set of acceptable DL beams, no response beam aggregation opportunities would be missed and the network could minimize the number of response beams.
Proposal 1		RAN2 should investigate the feasibility and effectiveness of a response beam aggregation method based on that the responding UEs report their respective sets of acceptable DL beams in conjunction with response-driven paging.
As we are in favour of using only a random access preamble to indicate a detected PI match (in line with our contribution R2-1802335 [3] where the preamble triggers the gNB to return a list of the paged UE IDs to the UE transmitting the preamble), we think that a preamble based way of indicating a UE’s set of acceptable DL beams could be a way forward.
Proposal 2	Preamble based reporting of a UE’s set of acceptable DL beams should be considered as the basis for response beam aggregation in conjunction with response-driven paging.

Conclusion
In section 2 we made the following observations:
Observation 1	When responding to a paging indication, a UE implicitly “reports” its preferred DL beam direction, i.e. the network is informed of the direction in which to transmit the additional paging information to the UE.
Observation 2	The number of DL beam directions the network has to transmit additional paging information in depend on the number of responding UEs, which in turn depend on the number of listening UEs, the fraction of them that have a matching PI and their locations in the cell. The fraction of the listening UEs that have a matching PI can be impacted by changing the fraction of UEs assigned to each PI (e.g. by varying the size of the PI in relation to a full UE paging identifier in case the PI is based on a truncated UE ID), but the number of UEs and their locations in the cell cannot be influenced.
Observation 3	In some scenarios, the number of DL beam directions the network has to transmit additional paging information in may be undesirably large, thereby reducing the gain of the response-driven paging.
Observation 4	Mechanisms can be considered to reduce the number of DL beam directions to transmit additional paging information in, e.g. by finding beam directions that can reach more than one of the responding UEs with a single beam. Such a concept may be referred to as “response beam aggregation”.
Observation 5	With the response beam aggregation method proposed in R2-1710985 the network may fail to utilize overlaps in different responding UEs’ respective sets of acceptable DL beams.
Observation 6	If each responding UE reports its set of acceptable DL beams, no response beam aggregation opportunities would be missed and the network could minimize the number of response beams.

Based on these observations and the discussion in section 2 we propose the following:
Proposal 1		RAN2 should investigate the feasibility and effectiveness of a response beam aggregation method based on that the responding UEs report their respective sets of acceptable DL beams in conjunction with response-driven paging.
Proposal 2	Preamble based reporting of a UE’s set of acceptable DL beams should be considered as the basis for response beam aggregation in conjunction with response-driven paging.
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