
3GPP TSG RAN WG1 Meeting #90bis 	R1-1718322
Prague, CZ, 9th – 13th October 2017
Agenda Item: 7.3.1.1
Source: MediaTek Inc.
Title: 	Remaining Issues on PDCCH Structure
Document for: Discussion
Introduction
In this contribution, we discuss the remaining issues regarding PDCCH structure as follows.
· DMRS sequence initialization
· Precoder granularity in frequency domain
· Interleaver
DMRS sequence initialization

During the initial access, the UE has no knowledge about the initialization of DMRS sequence for common search space (CSS), therefore, the DMRS sequence initialization of CSS should not be connected to the UE-specific ID. The simplest way is to use the cell ID as the sequence initialization for CSS. After RRC connection establishment, the gNB can configure the DMRS sequence initialization for the UE-specific search space (USS) through the higher layer signalling. Similar as in LTE Rel-9, the DMRS sequence initialization for USS in NR can also be associated with  and nSCID, where nSCID belongs to {0, 1}. The benefit of having very few possibilities with the DMRS sequence generation is to preserve the flexibility of DMRS interference cancellation (DMRS-IC) for an UE in the future release without additional network signalling assistance.
In LTE, the CRS always exists and the power boosting can be applied to the CRS to increase the received signal strength. In order to randomize the interference among the neighbouring cells, the cell-specific frequency shift is used. However, in NR, the DMRS is accompanied with the PDCCH. There is no strong motivation to preserve the cell-specific frequency shift. One of the advantage of removing the frequency shift is to have the flexibility of DMRS-IC for an UE in the future release. Instead of colliding with the PDCCHs from other cells, the DMRS-IC is easier to be performed when the desired DMRS is collided with the DMRS from other cells.
Therefore, we have following proposals.
Proposal #1: The DMRS sequence initialization for the common search space is related to the cell ID.
Proposal #2: The DMRS sequence initialization for the UE-specific search space is configured by higher layer signalling and not related to the UE-specific ID.
Proposal #3: The DMRS within a REG occupy the same REs in a REG for all cells.
Precoder granularity in frequency domain
In the last meeting, there was a working assumption regarding the precoder granularity in frequency domain as follows.
Working assumption:
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.

The drawback of removing the wideband RS in NR-PDCCH is the performance degradation on the channel estimation (CE) quality. Compared with LTE PDCCH, the inferior CE performance for NR-PDCCH leads to the worse control channel coverage. Based on the results provided by many companies in the previous meetings, it is not easy for the NR-PDCCH to reach 1% BLER at SNR equalling to -6dB. Intuitively, the coverage problem can be conquered by introducing larger aggregation levels (AL), e.g., 16 or 32. However, this may lead to inefficient resource utilization of control resource and the worse control capacity. Moreover, according to the RAN4 agreement, the minimum bandwidth is 5MHz (~24PRBs). This is not enough to accommodate AL16 or 32 even for the 3-symbol CORESET. The working assumption listed above provides a way to extend the control channel coverage by improving the CE performance. Especially for the common PDCCHs, the SNR operation point is relatively low, the configuration (ii) in the working assumption can be used to enhance the CE quality a lot and thus the NR-PDCCH coverage. But the price is to introduce additional inter-cell interference because of the RS.
In the last meeting, the following option was also discussed.
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to all contiguous RBs in the frequency domain for a given PDCCH
· DMRS is mapped over all REGs within the PDCCH.
· Interleaving is per REG bundle group/set
· FFS: whether this is applicable to all ALs or a subset of ALs

In this option, the DMRS is mapped over all REGs within the PDCCH, therefore, there is no additional interference introduced by the RS. But, from the perspective of UE complexity, we prefer the first alternative (working assumption). In NR, we strive to have nested structure of search space to reduce the CE complexity for the blind decoding (BD). The CE results and LLR of the high ALs can be applied to the BD of low ALs if the search space is in a nested structure. But, based on this option, the benefit of nested search space may disappear. In Figure 1, we assume the UE1 monitors a CORESET with 12 CCEs for UE-specific PDCCH. The REG-to-CCE mapping is localized, and the gNB transmits the UE1’s PDCCH in AL1 (the region with stripes). With the configuration (ii) in Option 2, the UE1 may use the DMRS in CCE#2 to help to do CE interpolation for the orange region in the CCE#3, i.e., PDCCH candidate for AL1. Because the DMRS is accompanied with the PDCCH, the DMRS in CCE#2 does not exist. With this option, there is a risk that the CE results for AL8 candidates cannot be reused for the AL1 candidates directly because some of the “absent” RS (or other UEs’ RS) would be used to do interpolation if the CE is performed across REG bundles. In this option, the number of RS taps and sliding window for the CE interpolation should be handled carefully by the UE. Otherwise, the CE results from the high ALs cannot be reused for the low ALs.
[image: ]
Figure 1. Illustration of DMRS configuration in Option 2(ii)
By considering the pros and cons of two options for the configurability of precoder-granularity in frequency domain, we propose
Proposal #4: Confirm the working assumption regarding the precoder granularity in frequency domain. 
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.
Interleaver design
In the offline discussion of RAN1 NR AH#3, three options are considered for the interleaver design.
Alt.1: PDCCH or EPDCCH interleaver
· Interleaving unit is FFS: REG bundle or REG bundle group/set
Alt.2: One-step block interleaver
· Alt.2-1: One-step block interleaver with configurable number of rows
· Alt.2-2: One-step block interleaver where the number of rows depends on the REG bundle size
· Alt.2-3: One-step block interleaver where the interleaving pattern is made based on iterative row-column operation for the given block
· Interleaving unit is FFS: REG bundle or REG bundle group/set
Alt.3: Two-step interleaver
· First interleaving is within X REG bundles where the interleaving unit is a REG bundle
· Second interleaving is within the CORESET where the interleaving unit is [6] RBs
· The first interleaver can take the PDCCH or EPDCCH interleaver as the starting point.
· The second interleaver is down select between following two options:
· Alt.3-1: Random interleaver with the PDCCH interleaver as the starting point
· Alt.3-2: A block interleaver
Alt.1 and Alt.2 are both one-step block interleaver. The interleaver is performed by filling in row by row and then reading out column by column. The best frequency diversity can be achieved when the numbers of rows and columns are close. The only difference between Alt.1 and Alt.2 is the number of rows. The number of rows of Alt.1 is fixed while the number of rows of Alt.2 is variable. One of the concerns of Alt.1 and Alt.2 is the blocking issue. Specifically, one CCE of 1-OFDM-symbol CORESET may block multiple CCEs of 2/3-OFDM-symbol CORESET. Table 1 shows the number of CCEs of 2/3-OFDM-symbol CORESET blocked by a CCE of 1-OFDM-symbol CORESET for one-step block interleaver. In Table 1, we assume the bandwidth of all CORESETs are 24 RBs. To see the blocking rate of the worst case, the REG bundle sizes of the 1-OFDM-symbol CORESET is chosen to be 6 REGs. The REG bundle sizes of the 2- and 3-OFDM-symbol CORESET are chosen to be 2 and 3 REGs, respectively. In the worst case, one CCE of the 1-OFDM-symbol CORESET blocks 6 CCEs of the 2/3-OFDM-symbol CORESET. When the number of rows is 8, the one-step interleaver has the lowest blocking rate. In this case, for 2/3-OFDM-symbol CORESET, CCE 0 occupies RB0, RB3, and RB6. When the number of rows is 2 or 6, the one-step interleaver for 2/3-OFDM-symbol CORESET has the second lowest blocking rate and CCE 0 occupies, respectively, {RB0, RB12, RB1} and {RB0, RB4, RB8}. As a result, using 6 as the number of rows for the one-step block interleaver is a better choice to achieve both a lower blocking rate and a higher frequency diversity.
	# of rows for the 
one-step interleaver
	2-OFDM-symbol 
CORESET
	3-OFDM-symbol 
CORESET

	2
	4
	6

	3
	6
	6

	4
	6
	6

	6
	4
	6

	8
	4
	3


[bookmark: _Ref494443100]Table 1 Number of blocked CCEs for one-step block interleaver
[bookmark: _GoBack]Table 2 shows the number of CCEs of 2/3-OFDM-symbol CORESET blocked by a CCE of 1-OFDM-symbol CORESET for two-step block interleaver. In Table 2 we assume the bandwidth of all CORESETs are 24 RBs. To see the blocking rate of the worst case, the REG bundle sizes of the 1-OFDM-symbol CORESET is chosen to be 6 REGs. The REG bundle sizes of the 2 and 3 OFDM symbols CORESET are chosen to be, respectively, 2 and 3 REGs. The REG bundle sizes of the 2 and 3 OFDM symbols CORESET are assumed to be, respectively, 2 and 3 REGs. The value of X for the first interleaving is 6 or 12 REG bundles. For the second interleaving, the block interleaver is used and the interleaving unit is assumed to be 6 RBs. Compared with the one-step interleaver, the two-step block interleaver can achieve a lower blocking rate and good frequency diversity. For example, when X is 12, the number of blocked CCEs for 2 and 3 OFDM symbols CORESET are, respectively, 4 and 3. For single aggregation level, one CCE may occupy {RB0, RB3, RB6}, which are the same as the one-step interleaver when the number of rows is 8. For high aggregation level, due to the second interleaver, it can achieve a higher frequency diversity than the one-step interleaver.
	
	X = 6 for the first interleaving
	X = 12 for the first interleaving

	# of rows for the 
first interleaving
	2-OFDM-symbol 
CORESET
	3-OFDM-symbol 
CORESET
	2-OFDM-symbol 
CORESET
	3-OFDM-symbol
CORESET

	2
	2
	3
	4
	6

	3
	2
	3
	4
	5

	4
	-
	-
	4
	3

	6
	-
	-
	2
	4


[bookmark: _Ref494462290]Table 2 Number of blocked CCEs for two-step block interleaver
Proposal #5: Support two-step interleaver for NR-PDCCH to achieve a good trade-off between the frequency diversity and blocking rate.
Conclusions
In this paper, we propose
Proposal #1: The DMRS sequence initialization for the common search space is related to the cell ID.
Proposal #2: The DMRS sequence initialization for the UE-specific search space is configured by higher layer signalling and not related to the UE-specific ID.
Proposal #3: The DMRS within a REG occupy the same REs in a REG for all cells.
Proposal #4: Confirm the working assumption regarding the precoder granularity in frequency domain. 
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.

Proposal #5: Support two-step interleaver for NR-PDCCH to achieve a good trade-off between the frequency diversity and blocking rate.
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