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1 Introduction

According to the discussion of the last RAN2 meeting, tables to indicating paging subframe pattern for FDD and TDD are invited. In this contribution, two alternatives about paging subframe pattern in TDD are given for discussion and decision.
2 Discussion
2.1 Current status
2.1.1 RAN2 agreements on paging
In RAN2#61bis, the following agreements have been agreed [1]
1) Design paging subframes without consideration to MBMS (later MBMS design will have to - avoid paging subframe)
2) will have tables in the spec, indicating for the cases of 1,2 and 4 subframes used, which subframes are used for paging.
2.1.2 RAN1 agreements on TDD

2.1.2.1 DL/UL assignment
RAN1 have agreed on 7 DL/UL subframe configuration for LTE TDD, which are shown in the following table [2]:

Table 4.2-2: Uplink-downlink allocations.

	Configuration
	Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


where D, S, U represents Downlink subframe, Special subframe and Uplink subframe, respectively.

Figure 1 is given for convenient understanding of DL/UL assignment in TDD:
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Figure 1: DL/UL assignment in TDD
2.1.2.2 Subframe pattern configuration

The length of OFDM symbol of DwPTS, GP and UpPTS can be configured as that listed in the following table 1 [2] for different scenarios.
Table 1: Lengths of DwPTS/GP/UpPTS in TDD
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2.2 Number of paging subframe per radio frame
Prior to details of the design, we would like to discuss whether 3 paging subframes per radio frame is needed. If we support this option, this means the introduction of better granularity than power of 2 for paging group count. However, we don’t see any benefit of this; moreover this will unnecessarily burden the design work of paging subframe pattern, so we propose to rule out this option.

Proposal 1: no need to support better granularity than power of 2 for paging group count in both TDD and FDD, which means no need to introduce 3 paging subframes per radio frame in both TDD and FDD
2.3 Subframe pattern in TDD
We have two alternative designs, shown in 2.3.1 and 2.3.2 respectively.

2.3.1 Alternative 1
Main consideration: Paging subframe pattern should not put much limitation on allocation of MBSFN subframe
Principle 1: paging subframes will be allocated on subframe 0, 1, 5 and 6;

In TDD, MBSFN cannot be transmitted in subframe 0, 5 and will have to avoid paging subframe as well. In order to minimize the restriction on MBSFN subframe allocation on other downlink subframes, subframes 0, 5 and the DwPTS special timeslots in subframe 1, 6 can be assigned to transmit paging messages.

Principle 2: Only the symbols used for PDSCH in DwPTS can be used for paging in subframe 1 and 6;

According to configurations of DwPTS, there are at least 3 OFDM symbols in DwPTS, of which the first two symbols are always reserved for PDCCH and the third symbol is always reserved for P-SCH. The configuration 0 and 5 which consists of only 3 OFDM is assumed to apply to macro-cell with lower population density. In this case, it seems that two or less paging occasions per radio frame can provide adequate number of paging occasions. For other configurations, another at least 6 OFDM symbols can be used for PDSCH.

Taking the configuration of Lengths of DwPTS/GP/UpPTS into consideration, for the configuration 0, 5, in which DwPTS consists of only 3 OFDM and cannot be used to transmit paging message, the following principles are given:
Principle 3: subframe 5 will be allocated for paging when there is 1 paging subframe per radio frame;

Principle 4: subframe 0 and 5 will be allocated for paging when there are 2 paging subframes per radio frame;

For other configurations, the principles are:
Principle 5: subframe 1 will be allocated for paging when there is 1 paging subframe per radio frame;

Principle 6: subframe 1 and 6 will be allocated for paging when there are 2 paging subframes per radio frame;

Principle 7: subframe 0, 1, 5 and 6 will be allocated for paging when there are 4 paging subframes per radio frame;

All the proposals above on paging subframe pattern can be summarized in table 2. 
Table 2: Subframe mapping for TDD

	Configuration of Lengths of DwPTS/GP/UpPTS
	Pattern ID
	Number of paging subframes per radio frame Nfr
	Description
	Mapping

	0, 5
	1
	1/4
	1 paging occasion per 4 radio frames
	i = 0 ( subframe #5

	
	2
	1/2
	1 paging occasion per 2 radio frames
	i = 0 ( subframe #5

	
	3
	1
	1 paging occasion per 2 radio frames
	i = 0 ( subframe #5

	
	4
	2
	2 paging occasions per radio frame
	i = 0 ( subframe #0
i = 1 ( subframe #5

	Other configurations
	5
	1/4
	1 paging occasion per radio frame
	i = 0 ( subframe #1

	
	6
	1/2
	1 paging occasion per radio frame
	i = 0 ( subframe #1

	
	7
	1
	1 paging occasion per radio frame
	i = 0 ( subframe #1

	
	8
	2
	2 paging occasions per radio frame
	i = 0 ( subframe #1
i = 1 ( subframe #6

	
	9
	4
	4 paging occasions per 4 radio frame
	i = 0 ( subframe #0
i = 1 ( subframe #1
i = 2 ( subframe #5
i = 3 ( subframe #6


2.3.2 Alternative 2
Main consideration: Paging subframe pattern should avoid subframes with special slot and broadcast channels.
Principle 1: Paging subframes will not use DwPTS (which reside in subframe 1 or subframe 6)

Only when the length of DwPTS is enough, can it be used to carry paging. So if paging is carried by DwPTS, it will have to couple with special subframe pattern design, which may introduce some necessarily complexity.

Principle 2: If possible, paging subframes will not use subframe 0 and 5.
As RAN2 has decided, subframe 0/5 will be used for P-BCH/SI-1. To avoid potential problems caused by e.g., power limitation, capacity limitation, and other possible factors, we think it’s more reasonable to map paging to those subframes without broadcast channels.

Principle 3: paging subframes are put right after the last UL subframe
Due to the feature of TDD system, both DL/UL subframe and PRACH are not evenly distributed. Hence, evenly mapping of paging among subframes may be impossible and not as important as that in FDD system. Moreover, in some DL/UL assignment configurations, PRACH resource is only located in the first half-frame. In this case, it’s preferred to put paging subframes right after the last UL subframe so that UEs have enough time to access PRACH (if any) in the coming UL subframe.
Given the above consideration, the paging subframe pattern design is summarized in the following table:

	DL/UL assignment configuration
	Number of paging subframes in a radio frame
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	0
	1
	5
	N/A
	N/A
	N/A

	
	2
	0
	5
	N/A
	N/A

	1
	1
	4
	N/A
	N/A
	N/A

	
	2
	4
	9
	N/A
	N/A

	
	4
	0
	4
	5
	9

	2
	1
	3
	N/A
	N/A
	N/A

	
	2
	3
	8
	N/A
	N/A

	
	4
	3
	4
	8
	9

	3
	1
	6
	N/A
	N/A
	N/A

	
	2
	6
	7
	N/A
	N/A

	
	4
	6
	7
	8
	9

	4
	1
	4
	N/A
	N/A
	N/A

	
	2
	4
	6
	N/A
	N/A

	
	4
	4
	6
	7
	8

	5
	1
	3
	N/A
	N/A
	N/A

	
	2
	3
	4
	N/A
	N/A

	
	4
	3
	4
	6
	7

	6
	1
	9
	N/A
	N/A
	N/A

	
	2
	5
	9
	N/A
	N/A


2.4 Further discussion
For alternative 1, the main advantage is the flexibility of MBSFN subframe allocation for later MBMS design. One argument is whether paging can work well with DwPTS. When the subframe 1 and (or) 5 are allocated for paging message transmission, the OFDM symbols used for PDSCH carrying paging message can be assigned with the different symbols in time or frequency domain with that used for P-BCH or PDSCH carrying SI-1, and thus the power limitation could not be an issue.
Regarding required PDSCH resources, according to [3], a typical paging record consists of about 44 bits. And in subframe 0, 1, 5 and 6 (except for the configuration 0, 5 for subframe 1 and 6), there are at least 6 symbols per sub-carrier and 6 RBs in 72 sub-carriers in center 1.25MHz-band. Given coding rate 1/6 and QPSK modulation which is similar with that used in UMTS for paging message, one paging record (44 bits) can be conveyed by 2 RBs (2*12*6*2 /6 = 48 bits). Therefore, in most case, at least 3 paging records per subframe can be transmitted which could provide adequate paging message.

For alternative 2, the main advantage is that independent subframes are allocated to make sure that paging could work well. But one may argue that the freedom of MBSFN subframe is limited by paging subframe allocation. We think that MBMS will not be configured for all TDD DL/UL assignment. On one hand, we may image that MBMS is very possibly used in the configuration that DL subframes are much more than UL subframes, like 8DL:1UL. In this case, allocation of MBSFN subframes could avoid paging subframes. On the other hand, in mixed cell, normally neither unicast nor MBMS has a larger number of users. Therefore, the interval of both paging and MBSFN ocassions are possibly larger than 10ms. In this case, MBSFN and paging subframes could be allocated into different radio frames.
Based on the above analysis, we have the following proposal:
Proposal 2: for paging subframe pattern of TDD, we kindly ask RAN2 to discuss 2 altervatives given above and make some decisions on this issue.

3 Conclusion

In this contribution, the open issues of paging subframe pattern for TDD are discussed, and two proposals are given as follows:
Proposal 1: no need to support better granularity than power of 2 for paging group count in both TDD and FDD, which means no need to introduce 3 paging subframes per radio frame in both TDD and FDD
Proposal 2: for paging subframe pattern of TDD, we kindly ask RAN2 to discuss 2 altervatives given above and make some decisions on this issue.
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Annex A. Figures of Alternative 1
Subframe mapping for configurations 0, 5 in TDD
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Subframe mapping for other configurations in TDD (except for conf. 0, 5)
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Annex B. Figures of Alternative 2

DL/UL assignment configuration=0: Period=5ms, 1DL:3UL
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DL/UL assignment configuration=1: Period=5ms, 2DL:2UL
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DL/UL assignment configuration=2: Period=5ms, 3DL:1UL
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DL/UL assignment configuration=3: Period=10ms, 6DL:3UL
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DL/UL assignment configuration=4: Period=10ms, 7DL:2UL
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DL/UL assignment configuration=5: Period=10ms, 8DL:1UL
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DL/UL assignment configuration=6: Period=10ms, 3DL:5UL
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