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1. Introduction
RLC uses acknowledgment and negative acknowledgement fields between the transmitting and receiving entities to reliably transmit/re-transmit the RLC AM PDUs. 

For RLC AM, the receiving entity generates a STATUS PDU which may include negative acknowledgement for the PDU or the segments of the PDU that have not been received yet.

Observation 1: The RLC specification [1] requires the UE to set the Acknowledgment SN (ACK_SN) field to the next not received RLC data PDU which is not indicated as missing in the STATUS PDU. 
	6.2.2.14
Acknowledgement SN (ACK_SN) field

Length: 10 bits.

The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU. 


Observation 2: Upon reception of a STATUS PDU by the transmitting side of an AM RLC entity, this entity considers the following PDUs as not transmitted correctly: AMD PDUs indicated in the STATUS PDU with NACK_SN and portions of AMD PDUs indicated in the STATUS PDU with NACK_SN, SOstart and SOend.
	6.2.2.14
Acknowledgement SN (ACK_SN) field

... 
When the transmitting side of an AM RLC entity receives a STATUS PDU, it interprets that all AMD PDUs up to but not including the AMD PDU with SN = ACK_SN have been received by its peer AM RLC entity, excluding those AMD PDUs indicated in the STATUS PDU with NACK_SN and portions of AMD PDUs indicated in the STATUS PDU with NACK_SN, SOstart and SOend.


The above algorithm works properly when the receiving side of the AM RLC entity can transmit the STATUS PDU it generates based on the following procedure. 
	5.2.3
Status reporting

…

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the AMD PDUs with SN such that VR(R) <= SN < VR(MS) that has not been completely received yet, in increasing SN order of PDUs and increasing byte segment order within PDUs, starting with SN = VR(R) up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an AMD PDU for which no byte segments have been received yet::

-
include in the STATUS PDU a NACK_SN which is set to the SN of the AMD PDU;

-
for a continuous sequence of byte segments of a partly received AMD PDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend

-
set the ACK_SN to the SN of the next not received RLC Data PDU which is not indicated as missing in the resulting STATUS PDU.


Observation 3: When the UE is on the receiving side of RLC AM entity, the transmission of the STATUS PDU is limited by the UL grant size. This means that after subtraction of the intended overhead (transport block CRC, MAC and RLC headers), the remaining bytes may not be enough for the transmission of full STATUS PDU. 
For example, assume that the UE is expected to NACK two segments of a RLC PDU. However, after subtracting the overhead, the UL grant size is limited and the UE can only send a partial STATUS PDU including one segment NACK. 

Observation 4:  Transmission of a partial STATUS PDU, instead of padding, is useful as the partial information can still be used by the sender to send new RLC PDUs minimizing delays. 
Reference CR [2] had tried to address this ambiguity previously. However the changes proposed by this CR may be interpreted differently.  
2. Ambiguity of ACK_SN value in case of partial STATUS PDU
To elaborate further, assume that a receiving RLC AM entity needs to NACK two segments of a PDU with SN=733. However, the UL grant size is limited and allows sending just one segmented NACK in a partial status PDU. 
Observation 5: Assuming the UE should transmit a partial STATUS PDU, it remains ambiguous what is “the next not received RLC Data PDU which is not reported as missing in the STATUS PDU”. The reason is that some segment(s) of the RLC data PDU is reported missing but some are not. 

There are two ways that the receiving side of RLC AM can construct a partial STATUS PDU given the resource limitation:

a) Setting ACK_SN equal to the NACK_SN of the missing segments that could not be included in the partial STATUS PDU.

b) Setting ACK_SN as if the STATUS PDU was a complete STATUS PDU.
In the example above these will result in the following RLC STATUS PDU:
      RLCUL STATUS PDU : ACK_SN = 733
      -----------------------------------------------------------------------------
      |RLCUL CTRL NACK_SN|NACK_SN           |SOstart           |SOend             |
      -----------------------------------------------------------------------------
      |RLCUL CTRL NACK_SN|               733|               384|               767|
      RLCUL STATUS PDU : ACK_SN = 734
      -----------------------------------------------------------------------------
      |RLCUL CTRL NACK_SN|NACK_SN           |SOstart           |SOend             |
      -----------------------------------------------------------------------------
      |RLCUL CTRL NACK_SN|               733|               384|               767|
Observation 6: If the ACK_SN is set as if the STATUS PDU was a complete one (option b above), the transmitting side of the RLC AM entity assumes that every segment of the missing PDU except the one(s) transmitted in the partial STATUS PDU are received (given observation 2). 

Proposal:  Given the above discussion and the spec CR [2], in the case of partial STATUS PDU transmission, the ACK_SN is set to SN of the RLC Data PDU which is could not be indicated as missing in the resulting partial STATUS PDU. 
In other words, option (a) above is the recommended course of action for the receiving side of RLC AM entity. 

Observation 7:  Partial STATU PDU is an unlikely event from the eNB to the UE direction (given that the DL scheduling and PDU sizes are under the eNB’s control). 
3. Summary and Proposal
The case of partial STATUS PDU is not considered in the RLC specification. 

Such cases may result in ambiguity in the value selected for ACK_SN in the partial STATUS PDU.
Proposal:  Given the above discussion and the spec CR [2], in the case of partial STATUS PDU transmission, the ACK_SN is set to SN of the RLC Data PDU which is could not be indicated as missing in the resulting partial STATUS PDU. 
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