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1. Introduction
In the last meeting, RAN2 agreed to extend PDCP SN to 23 bit considering the increased Tput up to 25Gbps. During the discussion, it was commented that the size of PDCP status report may be huge according to the SN space. In this contribution, we address the problem on the PDCP status report size. 
2. Discussion
Since the PDCP Tx may maintain transmission window, the maximum bitmap size will be calculated by 2^[SN length - 1]. When 23-bit PDCP SN is used, the size becomes around 524 kbytes in the worst case.  On the other hand, even when DL Tput enhanced, UL may be still kept non-CA and 1-layer. In that case, after HO/re-establishment procedure, it takes time for eNB to receive all the byte segments consisting of the PDCP status report. Consequently, DL scheduling will be delayed. 
Observation1: Due to huge size of PDCP status report, DL scheduling may be delayed.

Another potential problem is the impact on the UE processing power. Currently, PDCP specifies the maximum PDCP SDU size as 8188 bytes. Thus, some UE may be designed to process at most corresponding PDCP PDU size (around 8200bytes).  If we support more 524 kbytes of PDCP control PDU, some UE may need to have additional effort only for the PDCP status report. 
Observation2: Supporting huge size of PDU may need to have additional implementation effort only for the PDCP status report.
Proposal1: RAN2 to discuss whether huge size of PDCP status report will be a problem.
If RAN2 confirms proposal1, we would like to discuss potential solution. To resolve the problem, following can be alternatives:
Alt1) Limit the size of PDCP status report (e.g., around 8200 bytes)

Alt2) Split the information of status report over multiple control PDUs.

Alt1 aims to reduce the DL scheduling delay by limiting the information to be reported by UE. Specifically, upon triggering the PDCP staus report, UE tries to include bitmap information as long as the resulting PDU size does not exceeds threshold. Then, UE does not include the extra information in the PDCP status report and submits the PDCP control PDU to the lower layer.  With this limitation, eNB can receive all the byte segment of the PDCP PDU and starts DL scheduling earlier. On the other hand, eNB does not have sufficient information from UE and consider the PDCP PDU for which the reception status was not reported as “missing in receiver side” and re-transmit them. Thus, with this option, duplicated transmission may occur when the all the information cannot be accommodated in a PDCP status report. The advantage of this alternative is simple from UE point of view and there may be no spec impact. But, the disadvantage is that there will be duplicated transmissions somehow. 
Alt2 aims to reduce the DL scheduling delay by splitting the information over multuiple PDCP control PDUs. For example, if the size of PDCP status report is expected to exceed the threshold, UE ends up to include further information and builds the PDCP PDU at the time. Then, UE generates following PDCP status report which includes information which was not accommodated in the previous PDCP status report. When UE cannot accommodate the remaining information even in the PDCP status report, UE generates another control PDUs hereafter. By splitting information over multiple PDUs, eNB can refer the parts of the information from the UE when each control PDU is received and start DL scheduling. The advantage of this alternative (compared with Alt1) is that eNB can receive all the information avoiding the scheduling delay. Also, this alternative may be able to reduce the information of bitmap. Specifically, when UE is generating the following PDCP status report, UE sets the SN as FMS which is the first missing SN later than the SN for which the previous PDCP status report indicates its reception status by the last bit in the bitmap. In that case, UE can skip to report the reception status for some SNs. On the other hand, the disadvantage is the additional effort to specify the UE behavior.
If we can assume that the size will not be so large in typical case, Alt1 can be employed. However, if we need to have some solution to handle the huge size of PDCP status report, Alt2 needs to be used. We slightly prefer to go with Alt2 so that the duplicated transmission can be avoided as much as possible. 
Proposal2: UE splits the information over multiple control PDUs when PDCP status report is expected to be huge.
3. Summary and Conclusion

In this contribution, we addressed how to handle the huge size of PDCP status report and followings are observed and proposed:
Observation1: Due to huge size of PDCP status report, DL scheduling may be delayed.

Observation2: Supporting huge size of PDU may need to have additional implementation effort only for the PDCP status report.
Proposal1: RAN2 to discuss whether huge size of PDCP status report will be a problem.

Proposal2: UE splits the information over multiple control PDUs when PDCP status report is expected to be huge.
4. Annex
	Alt1


5.3
PDCP Status Report

5.3.1
Transmit operation

When upper layers request a PDCP re-establishment, for radio bearers that are mapped on RLC AM, the UE shall:

-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as indicated below after processing the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers as specified in the subclause 5.2.2.1, and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the FMS field to the PDCP SN of the first missing PDCP SDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8 but the resulting PDCP PDU size is less than [8200] bytes ;

-
setting as ‘0’ in the corresponding position in the bitmap field for all PDCP SDUs that have not been received as indicated by lower layers, and optionally PDCP SDUs for which decompression have failed;

-
indicating in the bitmap field as ‘1’ for all other PDCP SDUs.

	Alt2


5.3
PDCP Status Report

5.3.1
Transmit operation

When upper layers request a PDCP re-establishment, for radio bearers that are mapped on RLC AM, the UE shall:

-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as indicated below after processing the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers as specified in the subclause 5.2.2.1, and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the FMS field to the PDCP SN of the first missing PDCP SDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8;

-
setting as ‘0’ in the corresponding position in the bitmap field for all PDCP SDUs that have not been received as indicated by lower layers, and optionally PDCP SDUs for which decompression have failed;

-
indicating in the bitmap field as ‘1’ for all other PDCP SDUs.
-
if the size of resulting PDCP PDU size is expected to be larger than [8200] bytes, UE removes the octet from the bitmap which includes reception state corresponding to the latest one until the size of resulting PDCP PDU size is equal or less than [8200] bytes. 
-
if UE removed the octet from the bitmap (includes the case the octet was removed due to the action below), UE shall generates following PDCP status report by;
-
setting the FMS field to the PDCP SN of the first missing PDCP SDU from  the SN for which the reception status is reported by the right-most  bit of the last octet in the previous PDCP PDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8;

-
setting as ‘0’ in the corresponding position in the bitmap field for all PDCP SDUs that have not been received as indicated by lower layers, and optionally PDCP SDUs for which decompression have failed;

-
indicating in the bitmap field as ‘1’ for all other PDCP SDUs.
-
if the size of resulting PDCP PDU size is expected to be larger than [8200] bytes, UE removes the octet from the bitmap which includes reception state corresponding to the latest one until the size of resulting PDCP PDU size is equal or less than [8200] bytes.
PAGE  
2

