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1.
Introduction
In the last meeting in Warsaw, [1] was discussed. During the discussion, the problem was identified but no solution was agreed. In this contribution, we revisit the issue.
2.
Problem
Current TS 36.321 states following:

	5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during Active Time, for each TTI when a Random Access Response or Contention Resolution is expected and for each TTI for which a DL assignment has been configured:

-
if a downlink assignment for this TTI has been received on the PDCCH for the UE’s C-RNTI, or Temporary C‑RNTI:

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if a downlink assignment for this TTI has been received on the PDCCH for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate a downlink assignment and the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur with the periodicity configured via RRC;

-
set the HARQ Process ID to [the HARQ Process ID associated with this TTI]; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

-
else, if [PDCCH condition for deactivation of SPS]:

-
clear the configured downlink assignment (if any).

-
else, if a downlink assignment for this TTI has been configured:

-
instruct the physical layer to receive, in this TTI, transport(s) block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to [the HARQ Process ID associated with this TTI]; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

When the UE needs to read BCCH, the UE shall:

-
if a downlink assignment for this TTI has been received on the PDCCH for the SI-RNTI; 

-
indicate a downlink assignment for the dedicated broadcast HARQ process to the HARQ entity for this TTI.
NOTE:
Downlink assignments for both C-RNTI and SI-RNTI can be received in the same TTI.

Editor’s note:
L1 is configured, as needed, by upper layers or MAC [FFS] to monitor PDCCH for C-RNTI, and by MAC to monitor PDCCH for Temporary C-RNTI and RA-RNTI.

5.3.2.2
HARQ process

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission for this HARQ process; or

-
if the HARQ process is equal to the broadcast process and the physical layer indicates a new transmission; or
-
if this is the very first received transmission for this HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.

-
else:

-
if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the TB size is different from the last valid TB size signalled for this HARQ process:

-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.

-
attempt to decode the data in the soft buffer;

-
if the data in the soft buffer was successfully decoded:

-
if the HARQ process is equal to the broadcast process:
-
deliver the decoded MAC PDU to RRC.

-
else:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if there is a measurement gap at the time of the transmission of the HARQ feedback:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement to the physical layer.




Following texts are copied from 36.331:

	5.2.1.2
Scheduling

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames.

The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.

The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH (see TS 36.321 [6].

A single SI-RNTI is used to address SystemInformationBlockType1 as well as all SI messages.

SystemInformationBlockType1 configures the SI-window length and the transmission periodicity for the SI messages.

5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInformation in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the next radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

Editor's note:
It is FFS whether SFN mod T = FLOOR(x/10) + 8 should be used instead.

NOTE:
E-UTRAN should configure an SI-window of 1ms only if all SIs are scheduled before sub-frame #5 in radio frames for which SFN mod 2 = 0.

1>
receive DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:
2>
subframe #5 in radio frames for which SFN mod 2 = 0;
2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message.




Based on the text shown above, the scenario shown in the following figure 1 may occur frequently.
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Fig. 1 Example of transmission of BCCH
In the figure 1, the possible timing of HARQ initial transmission and re-transmission are shown for each SIBs. Except for MIB, all other transmission use same SI-RNTI. 

If we follow the text highlighted in yellow, the UE replaces what is buffered in the HARQ buffer with newly received data. I.e., in the figure 1, UE replaces its HARQ buffer at the timing indicated with blue triangle. This behaviour is not optimal.

For example, the new HARQ transmission for SIB #1 occurs at Subframe #5 of SFN #0 and the HARQ re-transmission for SIB 1 occurs at Subframe #5 of SFN #2. And in the figure 1, the new HARQ transmission for SIB #2 occurs at Subframe #8 of SFN #0 and the HARQ re-transmission for SIB 2 occurs at Subframe #3 of SFN #1. Thus, if the UE fails the reception of SIB #1 at Subframe #5 of SFN #0, the HARQ buffer is flushed at Subframe #8 of SFN #0. Thus, the HARQ receptions for SIB # 1 at Subframe #5 of SFN #0 and Subframe #5 of SFN #2 are not combined. This has a bad impact on the performance of UE’s reception of System information.

3.
Solution
A practical way to receive BCCH is that a broadcast HARQ process should not decode multiple SIBs simultaneously. I.e., the broadcast HARQ process should not combine received data from different SIBs. In fact, based on the scheduling information for SIBs informed by RRC, MAC entity can decide whether to process a received DL Assignment message or not. This can be achieved by following way: For the received DL Assignment for BCCH, if reception timing of the DL Assignment message belongs to scheduling period of other SIB than the SIB of the data in the buffer for the broadcast HARQ process and if the previous decoding of the broadcast HARQ process failed, the MAC entity should not process the received DL Assignment message.
In any case, the specification should not mandate behavior that is unnecessary or inefficient. Thus, the simplest way is to modify mandatory text regarding HARQ broadcast process from the specification. I.e., by letting UE to decide whether to follow DL assignment or not, the specification can allow many ways of smart implementation.

4.
Conclusion
To give flexibility in receiving BCCH, it is proposed to allow UE not to follow DL assignment message.
Draft CR is in [2].

5.
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