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1 Introduction 

The subframe #6 in eIMTA has been discussed in RAN1#76, and the following agreements have been made and include in the LS [1] to RAN2.

· If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for unicast traffic

· If the subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, the UE shall assume subframe #6 is a regular DL subframe for broadcast traffic

· From RAN1 perspective, the above bullet regarding unicast and broadcast traffic will not cause significant issues
The intention of this contribution is to discuss the usage of subframe #6 in eIMTA from RAN2’s perspective.

2 Discussion on the subframe #6

Restrictions on the Paging occasion

The paging occasion is calculated based on the formular given in TS 36.304, which can be found as follow:
------------------------------------------------- Text from 36.304 Start ------------------------------------------------------

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

The following Parameters are used for the calculation of the PF and i_s:

-
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.
/*omitted*/
7.2
Subframe Patterns

TDD (all UL/DL configurations):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


---------------------------------------------------- Text from 36.304 End ------------------------------------------------------

According to the description above, we can see the subframe used for paging occasion within a radio frame is decided by “Subframe Patterns”. Once the nB is configured as “4T” (i.e. Ns = 4), the subframe 6 will be used to carry paging message. Since legacy UE is not awareness the eIMTA operation, if the legacy UE found there is a paging occasion in subframe #6, legacy UE will try to receive paging in subframe #6 according to the subframe format (i.e. special subframe format or normal DL subframe format) indicated in the UL/DL configuration in SIB1. Based on the agreement from RAN1 specified in the incoming LS, we can assume that the eNB will send data in subframe #6 using normal DL subframe format in case the subframe is reconfigured from special subframe to normal DL subframe by eIMTA command. So, in case that the subframe is special subframe according to the UL/DL configuration in SIB1 and be reconfigured to normal DL subframe by eIMTA command, the legacy UE can’t receive the paging successfully due to the mismatch of the subframe format between UE and eNB. In order to avoid the failure of paging reception, one possible solution is to restrict the configuration of “nB = 4T” (i.e. the subframe #6 shall not be used to carry paging message).  This kind of restriction may lead to some negative impact on the paging capacity, however, considering the usage of eIMTA, we believe the restriction is acceptable and can be well handled in the Network deployment and optimization (e.g. a reasonable tracking area). So, based on the analysis above, we give our proposal as:

Proposal 1: Paging occasion can’t be configured in the subframe #6 (i.e. nB shall not be set to “4T”), which can be reconfigured dynamically from special subframe to normal DL subframe.

Impact on the SPS DL transmission

The location of DL SPS transmission resources are calculated based on the formular given in TS 36.321, which can be found as follow:
------------------------------------------------ text from 36.321 Start----------------------------------------------------------

After a Semi-Persistent downlink assignment is configured, the UE shall consider sequentially that the Nth assignment occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.

------------------------------------------------ text from 36.321 End----------------------------------------------------------

The range of semiPersistSchedIntervalDL  is {sf10, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf320, sf640 }, however, for TDD, the UE shall round this parameter down to the nearest integer (of 10 sub-frames), which means the DL SPS resource will always located in the sub frame which carried SPS downlink assignment. 

For the legacy UE, since legacy UE is not awareness of eIMTA operation, if the resource in subframe #6 is assigned to legacy UE for SPS reception, the legacy UE will perform SPS reception in subframe #6 using the subframe format indicate in the UL/DL configuration in SIB1. Considering the agreement from RAN1 that the eNB will send data in subframe #6 using normal DL subframe format in case the subframe is reconfigured from special subframe to normal DL subframe by eIMTA command, the legacy UE can not perform the SPS reception successfully due to the mismatch of the subframe format between UE and eNB.  Since eNB can still allocate the special subframe #6 to legacy UE for SPS transmission in the eIMTA enabled cell in case the subframe #6 has not been reconfigured to a normal DL subframe (i.e. UE will not reject this kind of configuration), in order to avoid the transmission failure, we propose to add some restriction on the eNB side as follow: 

Proposal 2: There is no impact on the behaviour of legacy UE on the DL SPS reception operation. It’s up to eNB’s implementation to guarantee that if the subframe #6 has already been assigned to any legacy UE for SPS reception as special subframe, eNB shall not reconfigure the subframe #6 from special subframe to normal DL subframe by eIMTA command. 
For the eIMTA enabled UE, since the eIMTA enabled UE will maintain the dynamic UL/DL configuration by receiving eIMTA command, the eIMTA enabled UE can know which subframe format should be used for subframe #6 correctly. So, the issue is whether UE can automatically change the number of DL OFDM symbols in the calculation of rate-matching of PDSCH. Since this is already an existing capability for UE to adapt to different number of OFDM symbols in PDCCH region as well as the OFDM symbols outside PDCCH region, we think the automatic switch between special subframe format and normal DL subframe format in eIMTA operation can be supported with a reasonable complexity. Considering the missing of eIMTA command, the eIMTA enabled UE may use wrong subframe format to receive the SPS transmission in some abnormal cases. However, this kind of mismatch will happen in dynamic scheduling and SPS retransmission in subframe #6 as well, no extra risk (e.g. interference to other UE) will be introduced by locating the SPS DL transmission in subframe #6 for the eIMTA enabled UE. Also considering the eIMTA UE should anyway support dynamic scheduling and SPS retransmission in subframe #6 in case the subframe #6 has been reconfigured from special subframe to normal subframe. We give our proposal as follow:

Proposal 3: For the eIMTA enabled UE, if subframe #6 is assigned for SPS DL transmission, UE shall perform the SPS reception with the subframe format according to the dynamic UL/DL configuration instead of UL/DL configuration in SIB1.
3 Conclusion 

RAN2 is encouraged to discuss the issues listed above and take the proposal as follow:

Proposal 1: Paging occasion can not be configured in the subframe #6 (i.e. nB shall not be set to “4T”), which can be reconfigured dynamically from special subframe to normal DL subframe.

Proposal 2: There is no impact on the behaviour of legacy UE on the DL SPS reception operation. It’s up to eNB’s implementation to guarantee that if the subframe #6 has already been assigned to any legacy UE for SPS reception as special subframe, eNB shall not reconfigure the subframe #6 from special subframe to normal DL subframe by eIMTA command. 

Proposal 3: For the eIMTA enabled UE, if subframe #6 is assigned for SPS DL transmission, UE shall perform the SPS reception with the subframe format according to the dynamic UL/DL configuration instead of UL/DL configuration in SIB1.
Based on the analysis given in this contribution, we think the agreement captured in RAN1 incoming LS [1] will not cause any significant issues, and we propose to capture the proposal given above in the responding LS.
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